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Abstract 


This  report  Ic  the  result  of  a  survey  of  Russian  literature  dealing  with 
the  reflectance  of  vegetation,  soli  and  rock  types  as  basic  information  for  the 
formulation  of  air  photographic  specifications.  Techniques  and  methods  of 
measurement  are  described  and  the  most  Important  findings  are  discussed.  The 
text  Is  supplemented  by  a  collection  of  selected  spectral  reflectance  data  in 
graphical  and  tabular  form  as  well  as  by  a  bibliography  and  an  index  of  geo- 
morphological,  pedological  and  botanical  terms  with  Russian  and  Latin  equivalents. 
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INTRODUCTION 


Data  on  the  visible  and  the  -  ear  infrared  spectral  reflectance  of  various 
elements  of  the  earth’s  surface  are  of  utmost  importance  for  photo  interpreta¬ 
tion,  because  they  permit  the  prediction  of  the  separability  of  objects  by  means 
of  photo  tone  on  a  given  type  of  photographic  material  as  well  as  the  selection 
of  appropriate  film-filter  combinations  for  a  given  purpose  if  special  photographic 
coverages  are  to  be  flown. 

In  an  earlier  study  of  photo  interpretation  methods  and  techniques  in  the 
USSR*)  we  found  that  a  wealth  of  reflectance  data  ir,  published  in  Russian  litera¬ 
ture  mostly  unknown  to  western  researchers.  The  comprehensive  works  by  E.L. 
Krinov  XRINE  L47SOS,  English  translation:  KRINE L53ERP)**)  and  M.  A.  Romanova 
(ROMAMA620TS,  English  translation:  ROMAMA64ASS)  are,  except  for  some  ether 
smaller  articles,  the  only  basic  papers  which  have  been  translated  into  English. 
What  makes  the  Russian  data  especially  interesting  is  the  fact  that  numerous 
measurements  have  been  taken  from  the  air  by  means  of  spectrometrie  instru¬ 
ments  mounted  in  a  plane.  We  therefore  felt  that  it  would  be  worthwhile  to 
compile  a  manual  which  would  provide  a  description  of  the  Russian  investigations 
and  the  most  important  results  there  from.  The  present  report  is  the  product  of 
this  idea. 

For  this  project  we  relied  basically  on  literature  available  at  the  Depart¬ 
ment  of  Geography,  University  of  Zurich,  which  has  been  building  up  a  specialized 
library  on  photo  interpretation  for  the  past  few  years.  As  can  be  seen  irom  the 
bibliography,  where  we  have  indicated  the  papers  which  were  at  our  disposal,  our 
source  material  was  by  no  means  complete.  However,  we  believe  that  its  evalua¬ 
tion  will  provide  a  representative  cross  section  of  the  work  on  spectral  reflectance 
done  in  the  USSR.  We  have  concentrated  cm  compiling  data  for  vegetation,  soil  and 
rock  types.  A  major  element-  of  the  earth's  surface  which  is  not  covered  in  this 
report  is  water.  The  reader  Interested  in  reflectance  of  water  will  find  a  few 
examples  included  in  our  collection  of  spectral  reflectance  curves  (Diags.69  and 
100)  and  a  number  of  references  in  the  bibliography  (especially  JANUDA81ISO, 
KALKAG58AMD  and  ZDANVG03AIM). 

*  See  D. Steiner:  Luftaufnahme  and  Luftbi  Winter  pretai  ton  in  der  Sowjeiunlan. 

Erdkunde,  vol.I7,  no.  1/2,  pp. 77-100,  1983  and  D. Steiner:  Technical 

Aspects  of  Air  Photo  taterpretatior,  In  the  Soviet  Union.  Photogrzmmetric 

Engineering,  vol.29,  no.  6,  pp.  988-998,  1983. 

*•  Alphameric  codes  refer  to  the  bibliography. 
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All  translations  from  the  Russian  have  been  done  by  the  first  author  of 
this  report  and  any  errors  are,  therefore,  his  responsibility.  We  made  use  of 
the  following  general  and  technical  dictionaries: 

H.H.  BieUeldt:  Ruaslsch-Deutsches  WOrterbuch.  VerOffentllchungen  des  Institute* 
fiir  Slawistlk,  Deutsche  Akademie  der  Wtssenschaften  zu  Berlin,  1119  pp. , 
Akademle-Verlag,  Berlin  1960. 

N. N.  Davydov:  Botanicheski]  slovar'  -  Russko-anglljuko-nemecko-irancuzsko- 

latinsklj  (Botanical  Dictionary  -  Russlan-Englieh-German-French-Latin). 

335  pp. ,  Gosudarstvennoe  izdatc-i'stvo  fizlko-matematicheskoj  literatury 
(State  Publishing  House  for  Physical-mathematical  Literature),  Moscow 
1962. 

G.L.  Gal’perlr "  Anglo-russkij  tlovar'  po  kartografil,  geodeiiU  1  aerofbtotopografil 
(Engllsh-Russian  Dictionary  on  Cartography,  Geodesy  and  Aerial  Phototopo¬ 
graphy).  548  pp. ,  the  same  publisher  as  for  Davydov,  Moscow  1958. 

O. S.  Grebenshikov:  Geo  botanicheski)  slovar’  -  Russko-anglo-nemecko-francuzskij 

(Geobotanical  Dictionary  -  Ruastan-Erglish-German-French).  226  pp. , 

Akademija  Nauk  SSSR  (Academy  of  Sciences,  of  the  USSR,  Izdatel'stvo  "Nauka”  { 

(Publishing  House  "Nauka"),  Moscow  1965. 

G.V.  Jacks,  R. Tavernier  and  D.H. Boalch:  Multilingual  Vocabulary  of  Soil  Science. 

430  pp. ,  Land  and  Water  Development  Division,  Food  and  Agriculture  Or-  4 

g animation  of  the  United  Nations,  Rome  1960. 

A.  B.  Lokhovi'’'’:  Russko-nemecklj  slovar’  (Russian-German  Dictionary).  4th  edi¬ 
tion,  919  pp. ,  Gosudarstvennoe  Izdatel’stvo  inostrannykh  l  nacional’nykh 
slovarej  (State  Publishing  House  for  Foreign  and  National  Dictionaries), 

Moscow  1960. 

G.Obrejanu,  I.Trifu,  B.Slusanski  und  A.  Bolco:  Soil  Science  Dictionary.  English- 
French-German-Rumanian-Russlan.  691  pp. ,  Organizing  Committee  of  the 
Vinth  In  e-national  Congress  of  Soil  Science.  Bucharest  1964. 

T.A.  Sofiano:  Russko-anglljskij  geologicheskij  slovar’  (Russian-Engllsh  Geological 
Dictionary).  559  pp.,  the  same  publisher  as  for  Davydov,  Moscow  1960. 

In  addition,  we  consulted  the  plant  indices  available  in  German  and  English 
translations  of  Looks  by  L.  S-Berg.  A  subject  index  providing  Russian  equivalents 
and,  in  the  case  of  botanical  terms,  Latin  equivalents  is  give'  at  the  end  of  this 


*  L.  S.  Berg:  Die  geographlschen  Zonen  der  Sowjetunion.  Vole.  I  and  n,  437  ♦ 
604  pp. ,  B.G.Teubner  Verlagsgeeellechaft,  Leipzig  1958/59,  and  L.6. Berg: 
Natural  Regions  of  the  U88R.  436  pp. ,  The  Macmillan  Co.,  New  York 
1950. 
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report.  In  some  cases  the  plant  species  Investigated  were  not  defined  clearly  in 
the  Russian  literature.  It  may  be  assumed,  however,  that  whenev^'  spruce,  pine 
or  birch  is  mentioned,  Norway  spruce,  Scotch  pine  and  European  white  birch  is 
meant,  respectively. 

For  locational  and  general  geographical  references  we  employed  the  "Atlas 
SSSR"  (185  p./,  published  by  the  Main  Administration  for  Geodesy  and  Cartography 
(GUGK),  •  Moscow,  in  1962. 

The  spectral  reflectance  data  available  to  us  were  always  in  the  form  of 
diagrams,  never  in  the  form  of  tables.  These  diagrams  were  evaluated  as 
precisely  as  possible  by  reading  off  spectral  reflectance  values  by  means  of  a 
proportional  divider.  The  data  reproduced  in  this  report  do  not,  therefore, 
reflect  the  accuracy  of  the  original  measurements.  The  data  were  punched  on  IBM 
cards  and  a  program  was  written  for  the  IBM  1620  machine  of  the  Computation 
Center  at  the  University  of  Zurich  which  permitted  the  generation  of  spectral  re¬ 
flectance  plots  with  a  maximum  of  three  curves  per  plot  and  the  tabulation  of 
corresponding  numerical  values  and  legends.  The  reflectance  curves,  being  pro¬ 
duced  by  a  high-speed  printer,  have,  of  course,  a  step-like  appearance;  their 
main  function  is  to  show  major  differences  between  curves,  and  more  exact 
values  can  be  obtained  from  the  tables.  The  plots  are  semi- logarithmic  so  that 
equal  intervals  on  the  ordinate  represent  equal  contrasts. 

The  main  parts  of  this  report  are  the  following:  A.  Text  with  photcs  and 
diagrams  reproduced  directly  from  the  Russian  papers;  B.  Collection  of  computer¬ 
generated  diagrams  and  tables;  C.  Bibliography,  compiled  on  and  printed  out 
from  punch  cards;  D.  Subject  index. 

It  should  be  noted  that  the  term  "reflectance"  has  been  used  throughout 

this  report,  although  "luminance"  oi,  In  the  case  of  infrared  -adiation,  "radiance" 

("luminance  factor"  and  "rariiar.ee  factor"  when  expressed  as  a  percentage  or 

fraction  of  1)  might  have  been  more  correct  from  a  photometric  point  of  view  In 
*) 

most  cases.  It  is  however,  in  accordance  wtth  the  practice  mostly  followed  in 
literature  oriented  toward  photo  Interpretation. 

We  are  Indebted  to  Mr.  R.Jenefsky,  Zurich,  who  read  and  corrected  the 
English  version  of  the  manuscript  an  to  Dr.  G.  Hlldebrandt,  Institut  filr  Forstein- 
i<chtung  und  forstiiche  Betriebewlrtscha/i  der  University,  Freiburg  t/B.  who 
provided  an  explanation  for  the  Russian  term  "polnota"  (cee  Annotation  10). 

The  financial  support  provided  ty  the  US  Army,  European  Research  Office,  for 
this  project  is  gratefully  acknowledged. 

*  Exact  definitions  are  .he  following:  j 

Reflectance:  r  »  /  TQ  ,  whereby  FQ  -  Incident  radiation  flux,  Fr 


-  10  - 

TRANS  LITE  RATION  TABLE 


For  the  transliteration  o(  the  Cyrillic  characters  we  designed  an  own 
system  which  does  not  need  any  special  signs  and  is  a  combination  of  the  systems 
proposed  by  the  Library  of  Congress  and  by  H.H.Bielfeldt  In  his  dictionary  (see 
Introduction).  It  is  fully  reversible  with  the  exception  of  "e"  and  *j  *,  which  both 
are  transliterated  to  "e".  For  use  on  the  key  punch,  which  does  not  have 
apostrophes,  these  were  replaced  by  commas. 


CyrilUc 

characters 

Transliteration 

Cyrillic 

characters 

Transliteration 

a 

a 

P 

r 

« 

b 

c 

8 

V 

t 

B 

T 

g 

u 

r 

y 

A 

d 

$ 

f 

e 

e 

X 

kh 

>K 

zh 

u 

c 

3 

z 

H 

oh 

i 

sh 

H 

J 

VI 

ft 

shch 

K 

k 

1 

II 

n 

u 

y 

M 

m 

b 

i 

H 

n 

3 

e 

0 

0 

» 

ju 

n 

P 

n 

ja 

total  radiation  flux  reflected  In  all  possible  directions.  Luminance  or  radiance 
factor:  tc  »  B(£  /  B#f  .  Here  Bt£  Is  the  luminance  or  radiance  o i  the  test  cur- 
face  In  direction  f. ,  Ba{  that  of  a  atandard  surface  ("perfect11  diffuser). 
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^  1.  Technology  and  methodology  of  spectal  reflectance 

'  measurements 

E.  L.Xrlnov,  in  his  book  on  the  spectral  reflectance  of  natural  formations 
(KRINE  X<4'?SOS;  English  translation  KRINE  I.53SRP),  has  given  a  description  of 
the  instrument itiot.  used  for  carrying  out  the  measurements  until  1947.  In  the 
following,  we  shall  review  the  most  important  instruments  and  the  methods  used 
after  this  time.  A  part  of  this  information  can  also  be  found  in  M.  A.  Romanova's 
study  of  the  spectral  luminance  of  sand  deposits  (ROMAMA620TS,  English  transla¬ 
tion  ROMAMA64ASS). 

1.1  Standard  surfaces 

In  order  to  scale  the  reflectance  measurements,  i.  e.  to  calculate  percentage 
reflectances  or  reflection  coefficients,  one  has  to  compare  all  observations  with 
T  the  remission  from  a  standard  snrlr.ee  (Russ. :  "ctalon")  with  known  properties, 

ideally,  such  a  standard  surface  should  have  the  following  properties: 

i*  1.  Complete  (100  %)  reflectivity; 

2.  Orthotropy,  i.  e.  the  radiation  should  be  scattered  uniformly  in  all  directions, 
so  that  the  brightness  of  the  standard  remains  equal  for  all  possible  angles 
of  illumination  and  observation; 

3.  Spectral  neutradty,  i.e.  reflectance  should  be  equal  for  all  wavelengths. 

Coatings  of  magnesium  oxide  (MgO)  are  closest  to  the  ideal  but  their  pro¬ 
duction  is  relatively  difficult  and  the  surface  Is  very  soon  soiled  under  field  con¬ 
ditions.  It  has  heen  found  that  layers  of  barium  sulfate  (BaSO^)  on  thick  white 
paper  as  a  backing  are  more  suitable  for  field  work,  although  their  characteristics 
deviate  Thore  from  the  ideal  than  those  of  MgO.  Barium  sulfate  has  a  reflectance 
of  only  85  -  90  %  and  it  lacks  orthotroplcal  properties  at  high  oblique  angles  of 
illumination  (see  -ernarks  in  section  3.1.9  and  annotation  1).  On  the  ^her  hand, 
it  has  a  good  spectral  neutrality  throughout  the  whole  visible  and  near  infrared 
spectrum  (see  Fig.  i).  For  most  investigations  of  spectral  reflectance  carried 
out  In  the  last  few  years,  barium  sulfate  on  paper,  usually  called  "barite  paper", 
has  been  used  with  quite  satisfactory  results,  especially  for  field  ground  work. 

^  for  spectral  surveys  from  the  air  it  is  somewhat  difficult  to  measure 

^  the  standard  surface  during  the  flight.  To  overcome  this  problem  a  special 
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Fig,  1  Spectral  reflectance  of  barite  paper  (thick  white  paper  with  a  coating  of 
BaSOj)  (after  L.  B. Krasll'chikov,  from  ROMAMA620TS). 

standardizing  device  has  been  constructed,  which  will  be  described  in  section 
1. 5.3. 

Sources:  ALEKVA60SDP,  BE IOIN58NF1,  3ELOIN59ZSJ,  BELOSV59AFL, 

ROMAMA620TS  (English  translation:  ROMAMA64ASS). 

% 


1.2  Visual  spectrometry 

Visual  photometry  and  spectrometry  are  based  on  the  visual  and  thus  sub¬ 
jective  comparison  of  two  light  fluxes,  one  coming  from  the  sample  to  be  in¬ 
vestigated  and  one  from  the  stindard  surface.  Ac  such  it  is,  of  course,  limited 
to  the  visible  portion  of  the  spectrum,  i.e.  to  the  400  -  70C  m/u  wavelength  in¬ 
terval.  The  instrument  most  commonly  employed  for  visual  measurements  is  the 
so-called  Universal  Photometer  FM.  It  is  this  instrument  which  will  be  described 
in  the  following  section. 
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1.2.1  Universal  Photometer  FM 

The  Universal  Photometer  FM  (Russ. :  "universal'nyj  fotometr")  is  a 
commercially  produced  instrument.  Fig.  2  provides  a  general  view  of  it  and 
Fig.  -1  explains  the  optical  system.  The  sample  to  be  measured  lies  in  a  special 
holder  (12)  on  a  stage  (11),  which  can  be  lowered  or  raised  to  a  suitable  posi¬ 
tion.  Besine  the  sample  is  the  standard  surface  (13).  The  light  reflected  from 
the  sample  and  the  standard  passes  through  objectives  Oj  and  02,  lenses  Lj  l 
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lifcj  General  view  of  the  Universal  Fig.  3  Optical  system  of  the  Universal 
Photometer  FM.  The  disk  in  Photometer  FM  (from 

the  lower  right  corner  coo  tains  DANCVI56MIC).  For  explana- 

a  set  of  interference  filters  tion  see  text. 

(from  BELQSV59AFL). 

and  Lg,  prisms  Pj  and  Pj  and  double  prism  Pg.  The  photometric  field  seen  by 
the  observer  through  the  eyepiece  (Ok)  is  divided  into  two  halfs,  one  of  which 
corresponds  to  the  brightness  of  the  sample,  toe  other  to  the  brightness  of  the 
standard.  The  intensity  of  both  light  fluxes  can  be  regulated  by  diaphragms 
(Dj  and  D2)  whose  transmissivity  is  altered  by  turning  a  drum  (9)  and  can  be 
read  off  the  drum  in  percent.  For  the  measurement  of  reflectance  within  narrow 
spectral  zones  the  Instrument  is  equipped  with  a  disk  (8)  containing  a  set  of  in¬ 
terference  filters  (see  also  Fig.  2).  This  disk  is  inserted  between  the  double 
prism  (Pg)  and  the  eyepiece  (Ok)  and  can  be  rotated  for  the  selection  of  a  re¬ 
quired  filter.  11  to  14  different  filters  are  used  which  have  transmission  maxima 
at  waveltv'gth  Intervals  of  20  to  30  myu.  A  representative  set  of  filters  is  given 
in  Table  1. 
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Table  1  Representative  act  of  interference  filters  used  with  the 
-  Universal  Ihotoneter  lH  (from  B0HAM4620TS) 


lo.  of  filter 

Wavelength  for 
tranaaission  sax. 
in  rp 

Maxima  trans- 
aieeion 
in  % 

franmi  salon 
width* 
la  ap 

1 

398 

33.5 

12 

2 

428 

r.5.0 

14 

3 

447 

36.0 

12 

4 

467 

33.5 

12 

5 

479 

33.0 

13 

6 

507 

24.0 

12 

7 

518 

24.0 

12 

8 

539 

28.0 

13 

9 

565 

29.0 

12 

10 

5  77 

20.5 

11 

11 

593 

27.0 

12 

12 

629 

28.0 

14 

13 

641 

32.5 

12 

14 

680 

22.0 

12 

The  measurement  of  a  sample  is,  i  general,  dene  in  such  a  way  the 
diaphragm  regulating  the  intensify  of  the  light  flux  from  the  sample  is  left  fully 
open  and  the  tfiaphragm  over  the  standard  is  closed  down  until  the  brightnesses  \ 

of  the  two  half  fields  seen  through  the  eyepiece  are  equal.  The  reflectance  of 
the  sample  can  be  read  off  the  drum  on  the  sample  side  directly  in  percent  of 
the  reflectance  of  the  standard.  For  measurements  in  the  laboratory  both  the 
test  and  the  standard  surface  are  Illuminated  by  a  incadescent  lamp  under  an 
angle  of  45°.  For  measurements  under  conditions  r  f  natural  illumination  in  the 
terrain  or  from  the  air  the  instrument  has  to  undergo  some  modifications.  First, 
the  stage  on  the  sample  side  is  removed  so  that  the  objective  can  sight  at  the 
terrain  underneath  the  photometer  and  second,  it  is  either  mounted  on  a  tripod 
for  ground  work  or  fixed  with  a  special  holder  cm  the  outside  of  an  airplane  for 
airborne  measurements,  as  shown  in  Fig.  4.  The  flight  path  is  chosen  in  such 
a  way  that  the  sur.  Is  on  the  same  side  as  the  instrument  and  its  rays  cross  the 
flight  line  perpendicularly  (see  Fig.  5). 


/ 

< 


IS 


Fig.  4  The  Universal  Photometer  FM  Fig.  5  Airborne  measurements  taken 
being  operated  aboard  an  air-  with  the  Universal  Photometer 

craft  (from  AECYES580SD).  FM  (from  AKCYES580SD). 

Sources:  ALEKVA60SDP,  LJALKS60IOP,  TOLCJS60PFT,  ARCYES580SD, 
DANCVI56MIC,  BELOIN59ZSJ,  BE  LOS V 57106,  BE  LOSV59AFL, 
ROMAMA59VGI,  ROMAMA620TS  (English  translation:  ROMAMA64ASS). 

1.2.2  Areal  resolution,  efficiency  and  accuracy  of  measurements  with  the  FM 

The  side  length  s  of  the  sample  area  covered  is  given  by 
s  =  2  H  •  tg  p  ,  (1) 

where  E  *  height  of  the  photometer  lens  above  the  sample  and  p  =  half  the 
angular  field  of  the  photometer  lens.  Since  the  angular  field  2p  of  the  lens  is 
12°,  (1)  can  be  written  as 

i,  s  -  0.21  H  (2) 

For  laboratory  measurements,  when  the  sample  is  on  the  stage  at  a  distance  of 
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approximately  9.5  cm  from  the  lens,  a  is  2  cm  and  thus  the  area  covered 
4  cm*.  For  grand  observations  In  the  terrain,  when  the  Instrument  Is  mounted 
on  a  tripod,  s  becomes  14  cm.  S  the  spectral  surveying  Is  done  from  an  air¬ 
plane  the  area  covered  depends  on  the  flying  height.  For  example,  if  tbe  height 
is  200  m  (an  altitude  commonly  chosen  for  airborne  measurements),  s  amounts 
to  42  m.  By  using  objectives  with  longer  focal  lengths,  also  smaller  areas  can 
be  measured. 

The  accuracy  of  the  measurements  expressed  as  standard  deviation  in  a 
series  of  readings  take)  repeatedly  at  the  same  object  is  +  S  -  5  %  (percent  of 
the  measured  values)  for  laboratory  conditions,  +  4  -  7  %  for  fold  measurements 
and  7  -  8.5  %  for  observations  from  the  air.  Due  to  the  lower  sensitivity  of  the 
eye  at  both  the  blue  nnd  the  red  ends  of  the  visible  spectrum  the  accuracy  is 
somewhat  lower  in  these  spectral  regions  than  at  intermediate  wavelengths.  The 
errors  can  be  reduced  by  taking  for  each  filter  the  average  of  three  readings. 

The  accuracy  is  then  given  by  the  standard  error  of  the  mean  and  amounts  to 
approximately  ♦  1.5  -  3  %  for  the  laboratory  case,  +  2.5  -  4  %  for  the  field 
case  and  +  4  -  5  %  for  the  airborne  case,  according  to 

8*  =ir  ’  (3) 


where  s-  =  standard  error  of  the  mean,  s_  »  standard  deviation  of  a  single 

*  4)  * 

observation  and  n  =  number  of  readings.  ' 

tt  taVea  an  experienced  observer  5-8  minutes  to  measure  one  sample 

with  a’l  filters  and  about  20  minutes  if  each  reading  is  repeated  twice. 


Sources:  ALEKVA6GSDP,  LJALK30OIOP,  TOLCJS80PFT,  ARCYES580SD, 
DANCV15CMTC,  BELOZN58ZSJ,  BEL0SV57I06,  BBLOSV59AFL, 
ROMAMAC9VGI,  ROMAMA6 20OTS  (English  translation:  ROMAMA64ASS). 


1.3  Photoelectric  spectrometry 

hi  contrast  to  visual  photometry,  photoelectric  radiometry  is  an  objective 
method  which  makes  use  of  phjtoelec.r.c  cells  as  sensors  instead  of  the  human 
eye.  This  makes  it  possible  to  extend  tbe  measurements  to  the  near  inf'  -red 
spectral  zone  which  is  of  interest  for  the  air  photographer  or  the  photo  inter¬ 
preter  who  wants  to  draw  Inferences  for  the  case  of  Infrared  photography.  The 
photoelectric  cells  commonly  employed  are  either  of  the  barrier-layer  (photo- 
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voltaic)  or  of  the  photomultiplier  type.  All  cells  have  in  common  that  radiation 
falling  upon  them  produces  a  current  which  can  be  measured  with  an  ammeter. 

A  variety  of  instruments  of  this  type  designed  for  either  laboratory  or 
field  work  are  in  use  in  the  USSR. 

1.3.1  Luxmeter 

A  simple  method  of  photometry  in  the  field  was  employed  by  J.S. 
Tolchel'nikov  for  an  investigation  of  the  reflectance  of  a  number  of  soil  types 
seen  under  various  angles  of  observation  (see  section  4.1.7).  He  mounted  a  tube, 
which  was  35  cm  long,  on  the  photocell  of  a  luxmeter,  an  instrument  usually 
used  for  measurements  of  illuminance,  and  this  enabled  him  to  measure  the 
reflectance  of  relatively  small  areas  from  different  directions.  When  the  lux¬ 
meter  was  held  1  m  above  the  surface,  an  area  of  approximately  20  cm  x  20  cm 
was  covered.  The  data  obtained  represent  integral  values  for  the  entire  visible 
portion  of  the  spectrum  and  by  reference  to  a  standard  reflection  coefficients 
were  calculated. 

Source:  TOLCJ565IRE 


1.3.2  Spectrometer  with  a  barrier-layer  cell 

An  older  model  of  a  photoelectric  spectrometer  was  used  by  A.A.Il'ina 
for  laboratory  measurements  of  transmission  and  reflection  on  plant  leaves.  The 
operating  principle  of  this  instrument  is  shown  in  Fig.  C.  Light  emanating  from 
the  filament  of  an  incandescent  lamp  (Q)  is  projected  by  a  lens  (L^)  onto  the 
entrance  slit  (Sj)  of  a  monochromator  (M).  The  latter  contains  a  prism  (P)  as 
a  dispersing  element.  The  width  of  the  entrance  slit  can  be  varied  from  0.1  mm 
for  the  near  Infrared  region  to  1.0  mm  for  blue  light.  The  width  of  the  exit  slit 
(Sj),  which  is  0.1  -  0.2  mm,  corresponds  to  a  sjoctral  interval  of  3  myu  in  the 
yellow-green  band.  On  the  exit  side  of  t’ae  monochromator  interchangeable  de¬ 
vices  for  measuring  either  transmission  or  reflection  can  be  attached,  hi  Fig.  6 
only  the  instrumentation  for  the  latter  is  shown.  A  spherical  mirror  (Sp)  is 
mounted  directly  onto  the  exit  slit.  The  radiation  coming  t  trough  the  slit  passes 
through  an  opening  in  the  mirror  and  Is  centered  by  a  lens  (i^)  as  a  spot  of 
4  mm  in  diameter  onto  the  sample.  The  radiation  is  reflected  from  the  surface 
in  a  diffuse  manner  (rays  ppp)  and  focussed  (rays  p'p’p')  by  the  spherical  mirror 
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Fig.  8  Diagram  of  the  photoelectric  spectrometer  with  barrier-layer  cell  used 
by  A.A,Ilsina  for  laboratory  measurements  of  plant  leaves  (after 
IUNAA47SPO). 

St  =*  stabilizer,  Tr  -  transformer,  r^  «  rheostat,  controlling  the  In¬ 
tensity  of  lamp  Q,  Tj  and  Tj  ■  monochromator  tubes,  D  -  screen. 

Inhibiting  radiation  scattered  from  the  backside  of  the  cube  to  reach 
the  photocell,  T  *  thermostat;  for  further  explanation  see  text. 

onto  the  surface  of  a  photoelectric  barrier-layer  cell  (Ph).  Two  different  cells  | 

are  used:  One  for  the  visible  spectral  Interval  and  one  for  the  near  Infrared. 

The  current  produced  la  read  oft  a  microammeter.  For  the  quick  alternating 

« 
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measurement  of  samples  and  the  barite  standard  surface  both  are  mounted  on 
the  sides  of  a  cube  (C)  which  can  be  rotated  by  a  handle  (R),  as  shown  in  the 
separate  drawing  in  the  lower  right  corner  in  Fig,  6. 

Source:  ILINAA475PO 

1,3.3  Field  spectrometer  with  photomultipliers 

A  spectrometer  designed  for  field  use  (Russ. :  "polevoj  fotoelektricheskij 
spektrometr")  within  the  400  -  4j)0Q  m^i  spectral  region  was  constructed  at  the 
Laboratory  of  Aeromethods,  Academy  of  Sciences  of  the  USSR,  In  1959.  The 
apparatus  works  as  follows:  The  spectral  dispersion  of  the  radiation  is  obtained 
by  a  diffraction  grating.  By  rotating  the  grating  the  instrument  can  be  set  for 
different  wavelengths.  The  spectral  resolution  is  10  m/u.  A  photomultiplier  of 
the  type  FEU-22  (see  Fig.  21)  is  placed  in  the  plane  of  the  monochromator's 
exit  slit  and  receives  the  radiation.  The  photomultiplier  output  is  amplified  ard 
displayed  on  a  microammeter.  The  Instrument  is  portable  and  weights  about  25 
kg* 

For  field  measurements  the  spectrometer  is  put  on  a  tripod  (see  Fig.  7). 


Fig.  7  General  view  of  the  photoelectric  field  spectrometer.  The  operator 

measures  the  reflectance  o'  the  standard  surface  (from  R0MAMA620TS). 
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An  area  of  1  ra  x  1  m  can  be  measured  in  this  position.  The  sensitivity 
of  the  Instrument  is  calibrated  to  the  reflectance  of  the  standard  so  that  the 
needle  of  the  mici  '/ammeter  points  to  100  divisions.  The  reflectance  of  sample 
surfaces  can  then  be  read  off  directly  in  percent.  Measurements  are  usually 
taken  at  20  myu  wavelength  intervals.  Two  operators  can  measure  erne  sample 
throughout  the  whole  spectrum  In  7  -  10  minutes.  The  accuracy  obtainable  is 
high  and  the  standard  deviation  of  a  single  reading  amounts  to  +  1  -  2  %  (per¬ 
cent  of  the  measured  values). 

A  similar  instrument,  probably  a  predecessor  of  the  spectrometer  des- 
cr  bed  above,  was  used  by  V.  A.  Alekseev  and  8.V. Btlov  for  field  recordings  in 
1958.  It  was  also  equipped  with  a  photomultiplier,  but  its  monochromator  con¬ 
tained  a  prism  instead  of  a  diffraction  grating. 

The  use  oi  a  further  type  of  photoelectric  fieldspectrometer  with  the 
designation  SF-4,  constructed  at  the  Laboratory  of  Aeromethods,  Academy  of 
Sciences  of  the  USSR,  by  Z.  L.  Petrushkina,  has  been  reported  by  V.  M.  Bakhvalov. 

The  authors  of  this  report  were  not  able  to  find  out  any  technical  details,  how- 

22) 
ever.  ' 

Sources:  BAKHVM60MSA,  ALEKVA60SDP,  ROMAMA6 20TS  (English  translation: 

ROMAMA64ASS) 

1.4  Photographic  spectrometry 

In  photographic  spectrometry  film  is  employed  as  a  sensor  for  the 
spectrally  dispersed  radiation.  The  film  spectrograms  must  subsequently  be 
evaluated  with  a  microphotometer,  which  makes  the  photographic  method  of 
spectrometry  less  accurate  and  rather  laborious.  However,  for  airborne  observa¬ 
tions,  it  has  the  advantage  over  the  visual  method  that  it  permits  a  fast  record¬ 
ing  of  spectrograms.  The  instruments  based  on  this  principle  are  usually  re¬ 
ferred  to  as  spectrographs  and  we  shall  describe  commonly  used  types  of  aerial 
spectrographs  below. 


21 


1.4.1  Aerial  Spectrographs  LS-2  and  LS-3 

The  Aerial  Spectrograph  (Russ.:  "letnyj  spektrograf")  LS-2  was  designed 
by  V.V.Kol'cov  and  N.V. Eliseeva  under  the  direction  of  K.S.  Ljaltkov  at  the 
Laboratory  Aeromethods,  Academy  of  Sciences  of  the  USSR,  in  1955.  The 
LS-3  is  an  improved  version  constructed  by  the  same  institute  in  collaboration 
with  the  State  Optical  Sistitute  in  1957.  The  optical  system  of  the  IS-  Instruments 
is  shown  in  Fig.  8.  The  radiation  from  the  terrain  passes  through  an  entrance 


Fig.  8  Optical  system  of  the  Aertal  Spectrograph  Lfi  2  (from  ARCYES580SD). 
r  =  red,  t  =  violet;  for  further  explanation  see  text. 

slit  of  0.15  mm  width  and  a  collimator  lens  (0)  with  a  focul  length  of  75  n.m 
and  a  relative  aperture  of  1:2.8.  The  parallel  rays  produced  by  the  latter  fall 
on  a  AbM  prism  (P),  after  having  been  regulated  in  Intensity  bv  a  diaphragm 
(D)  in  the  form  of  a  perforated  plate.  The  radiation  spectrally  dispersed  by  the 
prism  is  then  focussed  by  the  lens  of  the  spectrograph  camera  (0j  with  f  • 

248  mm,  1:6.5)  onto  the  film  plane  in  the  spectrograph  box  (Kj).  For  the  simul¬ 
taneous  recording  of  the  spectrometered  landscape  details  on  ordinary  air  photo¬ 
graphs  a  second  camera  (lens  Oj  with  f  »  110  mm  and  1:4.5  and  film  box  K^) 
is  employed.  The  shutters  of  both  cameras  ha*'.)  an  exposure  range  from 
1  -  V250  second  and  are  operated  synchronously.  The  spectral  sensitivity  range 
of  the  IS-spectrographs  depends  on  the  type  of  film  used,  but,  in  principle,  it 
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goes  from  410  to  760  m/u  for  the  LS-2  and  from  410  to  350  tn/a  for  the  LS-3. 
Films  commonly  employed  are  of  the  par, chromatic,  the  orthcchromatic,  the 
Infrared  (1-760)  or  the  false  color  ("spektrozwial11  SN-2)  type.  The  spectral 
sensitivity  of  these  materials  is  given  in  Fig.  9  ^ 


Fig.  9  Spectral  sensitivity  of  films  used  with  aerial  spectrographs  (from  S.V. 
Belov  and  A.M.  Berezin®^. 

1  =  panchromatic  (type  10-800),  2  *  orthochromatic  (flF-3), 

3  =  infrared  (1-760),  4  »  Calse  color  ("spectrozonal"  SN-2). 


Fig.  10  Set-up  of  the  Aertai  Spectrograph  LS-2  on  an  aerial  camera  mount 
(from  ABCYES580SD). 

1  ■  circular  frame,  2  *  spectrograph,  3  *  pivot,  4  *  mechanism  for 
tilting  the  inner  ring  of  the  camera  mount,  5  *>  shock  absorbers. 
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For  measurements  from  the  air  tbe  spectrograph  is  set  up  on  an  air  photo 
camera  mount  as  illustrated  by  Fig.  10.  The  Instrument  can  be  tilted  to  a 
maximum  of  25°  (Id-2)  or  30°  (Id-3),  thus  permitting  the  taking  of  low  oblique 
observations  as  well.  It  is  not  possible  to  measure  the  standard  needed  for  re¬ 
ference  during  flights.  This  is  done  on  the  ground  immediately  before  take-off 
and  after  landing.  For  this  reason,  flights  should  not  last  too  long.  It  has  been 
found  that  changes  in  the  sun's  altitude  of  3  -  5°  do  not  produce  any  perceivable 
errors  and  thus  that  flight  durations  of  1  -  11/2  hours  are  permissible. 

The  Id  spectrographs  can  also  be  mounted  on  a  tripod  and  employed  for 
ground  work. 

I 

Sources:  ALEKVA80SDP,  ARCYES580SD,  BELOSV59AFL 


1.4.2  Areal  resolution,  efficiency  and  accuracy  of  the  Id  spectrographs 


The  area  covered  can  be  calculated  from  the  angular  field  and  the  flying 
height  jls  given  in  (1).  The  angular  field  20  of  the  ld-2  is  18°,  that  of  the 
ld-3  12°.  For  a  flying  height  of  200  m  the  side  length  of  the  spectrometered 
area  i3  thus  63  m  and  42  m,  respectively  (see  Fig.  11). 


Fig.  11  Diagram  showing  the  Aerial  Spectrograph  ld-2  in  operational  use  (from 
(ARCYE8580SD). 


These  are  theoretical  values,  however,  For  observations  taken  from  an 
aircraft  in  motion  the  areal  coverage  of  one  recording  will  be  somewhat  larger 
as  a  result  of  the  relatively  long  exposure  times  needed  for  the  spectrograph 
camera. 

A  sample  area  can  be  spectrometrically  surveyed  with  triple  recordings 
from  all  directions  (vertical  and  four  oblique  directions  as  illustrated  by  Fig.  12) 
in  less  than  one  hour. 


Fig.  12  Situation  sketch  of  the  surveying  procedure  with  the  Aerial  Spectrograph 
LS-2  at  nadir  direction  and  oblique  angles  (from  ARCYES580SD). 

Due  to  the  relative  complexity  of  the  photographic  method  of  spectrometry 
(recording  of  spectrograms  on  film  and  evaluation  by  photometer)  larger  errors 
occur  than  with  other  spectrcmetric  instruments.  The  standard  deviation  of 
single  recordings  has  been  reported  as  +  15  -  18  %  (percent  of  measured  values) 
for  the  500  -  580  m  /a  band  and  as  ♦  10  -  12  %  for  the  730  m/u  region.  For  the 
average  of  three  recordings,  errors  reduce  according  to  (3)  to  about  +  8.5  - 
10.5  %  and  6  -  7  %,  respectively. 


Sources:  ALEKVA60SDP,  ARC7ES5SOSD,  *ELOSV59AFL 
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1.4.3  Aerial  Cineapectrograph  RShch-1 

Another  type  of  aerial  spectrograph  designed  at  the  Laboratory  of  Aero- 
methods,  Academy  of  Sciences  of  the  USSR,  in  1957  Is  known  as  Aerial  Cine¬ 
spectrograph  (Russ.:  "letnyj  kinospektrograf")  RShth-1.  Its  optical  part  was 
constructed  by  J.P.Shchepetkin  of  the  State  Optical  Institute.  Similar  to  the  IS- 
spectrographs,  the  RShch-1  works  with  two  optical  systems,  one  for  spectro- 
graphy  and  one  for  air  photography.  The  difference  is  that,  a  movie  camera  is 
used  and  that  both  systems  are  focussed  onto  the  same  film  frame  (16  mm  x 
32  mm). 

The  working  principle  of  the  two  systems  is  explained  by  Fig.  13.  There, 


Fig.  13  Optical  system  of  the  Aerial  ClneBpectrograph  RShch-1  (from 
ROMAMA6QSLL).  For  explanation  see  text. 

parts  1-5  constitute  the  photographic  system.  1  is  the  object  lens  (Industar  22 
with  f  =  51.4  mm  and  1:3.5)  and  2  a  collector  consisting  of  two  planoconvex 
lenses.  These  lenses  enclose  a  square  diaphragm,  which  delimits  the  image  of 
the  terrain,  and  a  cross-wire  marking  the  center  of  the  area  covered.  3  to  5 
is  a  turning  system  which  directs  the  image  onto  the  film  (12)  and  comprising 


two  lenses  (f  =51  mm)  and  a  mirror.  The  spectrographtc  system  consists  of  the 
following  elements:  Three  lenses  (type  Jupiter  9  with  f  =  85  mm,  a  relaHve 
aperture  of  1:2  and  an  angular  field  of  28°)  acting  as  condensers  and  collimator, 
respectively,  an  entrance  silt  (7),  a  plane  mirror  (8)  and  a  reflecting  diffraction 
grating  of  the  echelette  type  with  600  lines  per  mm.  The  terratn  photograph 
occupies  two  thirds  (15  mm  x  15  mm)  and  the  spectrogram  one  third  (6  mm  x 
15  mm)  of  one  frame  as  Illustrated  by  Fig.  14.  A  general  view  of  the  RShch-1 
Is  provided  by  Fig.  15.  Its  total  weight  tc  only  6  kg.  The  spectral  sensitivity  of 


Fig.  14  A  representative  frame  exposed  with  the  Aerial  Clnespectrograph 

RShch-1.  The  upper  part  is  occupied  by  the  terrain  photo,  the  lower 
by  the  spectrogram  (from  R0MAMA620TS). 

this  Instrument  runs  from  498  to  662  m  fi,  l.e.,  it  can  be  used  for  work  within 
the  visible  spectral  range  only.  Another  drawback  is  that,  as  in  the  case  of  the 
lil-spectrographs,  the  photometry  of  the  standard  can  be  carried  out  only  before 
and  after  flights  (see  section  1.4.1). 


Fig.  15  General  view  of  the  Aerial  Clnespectrograph  RShch-1  (from 
ROMAMA60SLK). 

a  =  spectral  system,  b  =  air  photographic  system, 
c  =  movie  camera  (type  AKS-1). 

Sources:  ROMAMA60S LK,  ROMAMA60OAS,  R0MAMAB20TS,  (English  transla¬ 
tion:  ROMAMA64  ASS) . 

1.4.4  Areal  resolutior.  and  accuracy  of  the  RShch-1 

The  spectrometer  slit  of  the  RShch-1  has  a  length  of  6  mm  and  it  can  be 
set  for  varying  widths  between  0.04  and  3  mm.  Its  orientation  is  at  a  right  angle 
to  the  direction  of  flight.  Consequently,  the  size  of  the  spoctrometered  area  can 
be  determined  in  the  following  way  (compare  with  Fig.  16): 

The  side  perpendicular  to  the  flight  direction  (M)  is  given  by 

M  «  L  •  r—  ,  (4) 

where  L  ■  length  of  spectrograph  slit,  H  *  flying  height  and  fK  ■  focal  length  of 
the  spectrograph's  condenser  lens.  Since  L  »  6  mm  and  »  85  mm 

M  -  0.07  H  .  (5) 

The  side  of  the  spectrometered  area  parallel  to  the  flight  line  (K)  depends,  in 
addition  to  the  silt  dimension,  the  flying  height  and  condenser  focal  length  as 
above,  on  the  flying  speed  (v)  and  the  exposure  time  for  one  spectrogram  (t). 


aOtasL*-. 
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Fig.  16  Areal  coverage  obtained  with 
the  Aerial  Cine  spectrograph 
RShch-1  (from  ROMAMASOOAS) 
fj  *  object  lens  of  the  air 
photographic  system,  f^  » 
object  lens  of  the  spectro- 
graphlc  system;  (or  farther 
_  explanation  see  text. 


This  latter  is  about  ,  'here  n  = 
frequency  of  recordings  per  second. 

K  «  v  .  t  ♦  W  •  5-  ,  (8) 

where  W  *  width  of  the  spectrograph 
slit. 

The  site  length  S  of  the  terrain 
section  covered  by  the  aerial  photo* 
graph  taken  simultaneously  is 

S  =  411  .  (7) 

where  H  =  flying  height,  8  =>  side 
length  of  terrain  image  on  the  film 
and  fj  =  focal  length  of  the  aerial 
photographic  lens.  Since  s  =  15  mm 
and  fj  =  51.4  mm 

L  =  0.29  H  (8) 

Some  representative  values  for 
the  areal  coverage  at  various  flying 
heights,  assuming  an  aircraft  speed  of 
120  km/h,  a  spectrograph  slit  width  of 
0.193  nsm  and  exposure  frequency  of 
16  frames/ sec.,  are  given  in  Table  2. 

It  is  also  possible  to  conduct  spectro- 
graphic  recordings  without  the  condenser 
lens.  In  this  case  ths  dimensions  of 
the  surveyed  terrain  section  can  be 
d.erived  approximately  from  the  relative 
apert*  *e  of  the  collimator  lens,  which 
is  Consequently,  we  have  to  use 
H/2  instead  of  H/f^  in  formulas  (4) 
and  (8). 

The  reproducibility  of  results 
obtained  with  the  RShch-1  was  tested 
by  11.  A.  Romanova  and  J.P.Shchepetkin 


Cable  2  Representative  valueB  for  the  areal  coverage  with  the 
—  1  Aerial  Gineepectrograph  RShch-1  (from  RQM*Ka62QTS) 


Flying  height 
in  ■ 

31de  length  of  the 

Dimension:-,  of  the  spectrometered 

photographed  area 

area  (compare  with  Fig.  16) 

In  d 

in  m 

K 

K 

10 

2.9 

mmsmm 

1.06 

20 

5.9 

1.09 

100 

29.2 

1.28 

1000 

291.8 

■KuH 
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over  sand  areas  of  the  Sulak  River  delta.  Fig.  17  shows  three  spectral  curves 

obtained  for  recordings  re¬ 
peated  over  the  same  object. 

As  can  be  seen  the  shape  of 
curves  remains  about  the  same 
but  there  is  a  variation  in  their 
height  on  the  ordinate.  The 
diagram  suggests  that  the 
standard  deviation  would  be  of 
the  order  of  -  10- 15  %  (percent  of 
the  measured  values),  although 
elsewhere  (ROMAMA620TS,  Eng¬ 
lish  translation: 

ROMAMA04A3S)  it  is  reported  that 
It  usually  does  not  exceed  -  5  %. 


r 


Fig.  17  Comparison  of  spectral  reflectance  curves  obtained  by  recording 

spectrograms  over  the  same  object  repeatedly  to  test  the  reproducibility 
of  measurements  with  the  Aerial  Clnespectrograph  RShch-1  (from 
ROMAMABOSLK). 

Sources:  ROMAMA80SLK,  ROM AMA60OAS,  ROMAMA6 20TS,  (English  translation: 
ROMAMAMA58). 
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1.4.5  Processing  of  spectrograms 


In  order  to  calculi  le  percentage  reflectance  from  film  spectrograms,  one 
needs  a  dcnsttometric  calibration  which  is  obtained  by  recording  a  standard  sur¬ 
face.  However,  clncj  contracts  may  be  altered  by  the  processing  of  the  film, 
this  is  repeated  several  times  with  varying  exposure,  i.e.  light  reflected  from 
the  standard  is  weakened  stepwise  by  introducing  a  set  of  neutral  filters  with 
different  transmissivities,  or  a  step  wedge  as  tho  case  of  the  RShch-1,  or 
a  set  of  diaphragms  in  the  form  of  perforated  plates  (D  in  Fig.  8)  as  in  the 
case  of  the  LS-spectrographs  (compare  with  Table  3). 


Table  3  Set  of  diaphragm a  used  In  the  AerlaJ.  Spectrographs  L3-2 

- -  and  LS-3  to  produoe  seneitometric  control  for  the  fill 

spectrograms  (from  BELOSV59AFL) 


— 

No.  of  diaphragm 

— 

Transmissivity 
in  £ 

0 

100 

1 

70 

2 

!)1 

3 

!>3 

4 

42 

5 

:so 

6 

:.7 

7 

7 

e 

3 

This  procedure  produces  a  number  of  different  film  densities  from  which 
characteristic  film  'urves  can  be  constructed.  Moreover,  film  density  is  not 
only  a  function  of  exposure  but  also  of  wavelength  and,  consequently,  such 
curves  have  to  he  determined  for  all  important  wavelengths  as  illustrated  by  the 
example  In  Fig.  18. 

The  densities  of  the  film  spectrograms  are  measured  with  a  mlcrophoto- 
meter.  An  Instrument  commonly  used  for  this  purpose  is  the  MF-2  (see  Fig.  19). 
It  permits  the  measurement  of  spots  as  small  as  0.2  mm  in  diameter.  Readings 
are  taken  at  10  to  20  m^i  intervals.  More  recently,  a  recording  microphoto¬ 
meter  (microdensitometer),  called  MF-4,  has  come  Into  use.  The  spectral 
calibration  of  the  spectrograms  is  accomplished  by  recording  the  emission 
spectra  of  argon,  mercury  or  iron  with  known  emission  lines. 

Sources:  BBL06V59AFL,  AACY1S5806D,  ROMAMA620TS  (English  translation: 

ROMAMAB4ABB),  n£  LCSV57K35- 
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Fife.  18  A  family  of  characteristic  film  curves  determined  by  exposing  film  in 

the  aerial  spectrographs  of  tta  US  type  to  the  light  reflected  from  a 
standard  surface  (barite  plate)  at  different  wavelengths.  The  exposure 
(abscissa)  is  varied  by  means  of  a  set  of  diaphragms  with  different 
transmissivities  (compare  with  Table  3).  The  ordinate  values  are  film 
densities  (from  BBL06V59AFL). 


Fig,  IS  The  Microphotometer 
MF-2  used  for  the 
evaluation  of  spectro¬ 
grams  obtained  with 
aerial  spectrographs 
(from  BSL06V59AFL) 
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1.5  Photoelectronic  s 


The  method  of  spectrometry  referred  to  here  as  "photoelectronlc*  makes 
use  of  photomultiplier  cells  as  is  the  case  with  field  spectrometers,  but  their 
output  is  displayed  as  continuous  spectral  curves  on  the  screen  of  a  cathode  ray 
tube  (oscillograph).  This  screen  is  photographed  at  regular  intervals.  This  is 
the  latest  development  in  the  field  of  spectrometry,  and  in  the  course  of  the 
last  10  yetirs  a  whole  family  of  instruments  of  this  type,  usually  known  as 
"Spectrovisora",  has  been  consti  acted  for  airborne  use  in  the  US8R.  Their 
main  advantages  are  the  higher  sensitivity  and  the  higher  rate  of  recording 
which  permits  a  spectral  survey  of  smaller  areas  than  with  other  instruments. 

1.5.1  Aerial  Cathode  Ray  Spectrometers  (Spectrcvisor)  of  the  8- type 

One  of  the  ear  y  Instruments  using  the  photoelectronlc  principle  of 
spectrometry  was  the  Spectrovisor  (Russ.:  "spektrovizor")  8-2  constructed  by 
V.V.Kol'cov  during  the  yeavs  1954  -  57  at  the  Laboratory  of  Aeromethods, 
Academy  of  Sciences.  Rs  working  principles  are  explained  by  Fig.  20. 


Fit  10  Optical  system  of  the  Spectrovtsor  8-1  (from  KDLCW59PSI).  For 
explanation  see  text. 


The  radiation  reflected  from  the  terrain  passes  through  a  condenser  lens  (1) 

(f  ■  210  mm,  1:4),  the  entrance  slit  of  the  monochromator  (2),  a  collimator 
lens  (3)  (f  =  110  mm)  and  is  spectrally  dispersed  by  a  prism  (4).  A  further 
lens  (5)  (f  ■  280  mm)  focusses  the  spectrum  onto  the  plane  of  the  exit  slit  and 
from  there  the  radiation  flux  is  transmitted  by  a  collector  lens  (15)  and  a  semi¬ 
transparent  mirror  '18)  to  the  photocathodes  of  two  photomultipliers  (17  and  18). 
These  are  of  the  type  FEU-17  (antimony-cesium  cathode)  and  FEU-22  (cesium 
oxide  -  silver  cathode),  respectively,  and  are  different  in  spectral  sensitivity 
(see  Fig.  21)  so  that  the  instrument  has  a  wide  spectral  working  range  from 


Fig.  21  Spectral  sensitivity  of  photomultipliers  commonly  used  with  photo-  .<• 
electric  and  cathode  ray  spectrometers  (from  ROMAMA620T8). 

1  =  FEU-17,  2  «  FEU-22. 

400  -  1000  m  fi.  The  exit  slit  ot  the  monochromator  is  cut  into  a  templet,  which, 
driven  by  an  electric  motor  (11),  moves  back  and  forth  and  provides  for  spectral 
scanning.  The  same  movement  Is  utilized  to  generate  the  horizontal  sweep  needed 
on  the  cathode  ray  tube.  This  is  achieved  in  the  following  way:  Light  from  a  in¬ 
candescent  lamp  (6)  is  transmitted  by  two  lenses  (7  and  10)  and  a  narrow  slit  (8) 
to  a  triangular  opening  (12)  in  the  templet.  The  flux  passing  through  Ip.  collected 
by  a  lens  (!3)  and  activates  a  photomultiplier  (type  FEU-20)  (14).  The  intensity 
of  the  signal  produced  depends  on  the  position  of  the  triangle.  After  amplifica¬ 
tion  it  is  employed  to  generate  horizontal  deflect! -m  of  the  cathode  ray  tube  beam 
synchronously  to  the  spectral  scantling.  likewise,  the  amplified  voltages  from 
‘he  photomultipliers  FEU-17  and  FEU-22  produce  a  deflection  in  the  vertical 
direction  which  is  proportional  to  the  spectral  Intensity  of  the  radiation  received. 
Spectral  curves  are  displayed  on  the  cathode  ray  tube  during  the  templet's 
movement  in  one  direction  only.  During  the  reverse  travel  a  zero  line  is  shown. 
The  two  photomultipliers  can  be  switched  on  and  off  independently  of  each  other 
so  that  it  is  possible  to  use  only  oue  of  the  two  for  specific  purposes. 
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A  movie  camera  (type  KS-50-B)  is  attached  to  the  spectrometer  and  photo¬ 
graphs  the  terrain.  An  identical  camera,  synchronized  with  the  first  one,  re¬ 
cords  the  oscillograms  appearing  on  the  cathode  -  ay  tube.  For  the  identification 
•if  corresponding  frames  produced  by  the  two  cameras,  small  lamps  are  placed 
within  the  angular  field  of  both  and  switched  on  at  every  eighth  frame.  As  a 
result,  marginal  light  marks  appear  on  the  films.  The  whole  set-up  aboard  the 
plane  is  shown  in  Fig.  22.  Fig.  23  provides  an  example  for  the  material  ob- 


Flg.  22  Set-up  of  the  Aerial  Cathode  Ray  Spectrometer  (Spectrovisor)  S-2 

aboard  the  plane,  seen  from  below.  At  left  if  the  movie  camera  which 
photographs  the  terrain,  at  right  the  spectrometer  with  the  object  lens 
(from  KOLCVV59P8I). 

tained  with  the  S-2. 

The  orientation  of  the  two  cameras  relative  to  each  othor  Is  determined 
as  follows:  Two  terrain  surfaces  with  a  high  contrast  and  a  straight  line 
boundary  between  them,  such  as  a  road  and  surrounding  fields  or  the  sea  and 
the  shore,  are  selected.  Two  rune  are  conducted  with  the  aircraft,  one  with 
normal  orientation  of  the  spectrometer  and  one  with  the  Instrument  rotated  90° 
around  its  optical  axis.  As  a  result,  the  straight  line  boundaries  appearing  cm 
the  two  air  photo  film  strips  intersect  each  oth  r  \t  a  right  angle.  The  contrast 
between  the  two  surfaces  will  produce  a  sharp  change  In  signal  Intensity  on  the 
cathode  ray  tube  and  by  selecting  'he  corresponding  terrain  pbotcs  the  exact  po¬ 
sition  of  the  spectrometered  area  within  the  air  photo  frame  can  be  determined 
from  the  point  of  intersection  of  the  straight  line  boundaries. 

A  whole  series  of  further  Aerial  Cathode  Ray  Spectrometers,  each  with 
some  improvements  and  called  spec-: rovl tors  8-3,  8-4,  etc.  was  subsequently 
constructed  by  V.V.Kol'cor  (for  a  detailed  account  see  KOLCVV63ASI).  For 
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Example  lor  the  film  re  ¬ 
cordings  obtained  with  the 
Aerial  Cathode  Ray  Spectro¬ 
meter  (Spectrovieoi)  S-2. 

On  the  left  side  ts  the 
surveyed  terrain  strip  as 
photographed  by  the  movie 
camera  (mosaicked  together 
from  Individual  frames),  In 
the  middle  a  series  of 
corresponding  oscillograms. 
The  calculated  spectral 
reflectance  curves  (see 
section  1.5.5)  are  on  the 
right  side  (from 
KOLCVV59PSI). 


example,  the  S-3, 
produced  in  1957, 
uses  a  vibrating 
mirror  instead  of 
the  moving  slit  for 
wavelength  scanning. 
This  instrument  was 
employed  primarily 
in  experiments  of 
sea  depth  determina¬ 
tion  from  spectral 
returns.  Since  for 
this  purpose  the 
545  -  555  m p 
interval  is  most 
important,  the  in¬ 
strument  is  equipped 


with  a  antiironium  -  cesium  photomultiplier  with  maximum  sensitivity  in  the  blue- 
green  spectral  band  (see  JANUDA61ISO). 


Sources:  JAN CJDA6 1230,  KOLCVV63ASI,  KCLCVV59PSI,  KOMAMA82GTS 
(English  translation:  ROMAMA64ASS). 
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1.5.2  Areal  resolution  and  accuracy  of  the  S-2  Spectrovisor 

The  dimensions  of  the  spectrometered  terrain  section  can  be  determined 
in  the  same  way  as  for  the  SShch-l  spectrograplv  i.e.,  from  formulas  (4)  and 
(6).  Length  (L)  ar.u  width  (W)  of  the  spectrometer  slit  are  3  mm  and  0.3  mm, 
respectively.  The  focal  length  of  the  condenser  lens  is  210  mm.  Measurements 
can  be  taken  with  a  frequency  of  20  cps  so  that  the  time  needed  for  one  measure¬ 
ment  is  0.05  sec.  Much  of  this  time,  however,  is  used  up  by  idle  running,  i.e. 
especially  by  the  back  movement  of  tha  scanning  device.  The  actual  time  (t)  dur¬ 
ing  which  the  Intensities  of  one  spectrum  are  shown  on  the  cathode  ray  tube  and 
recorded  on  film  is  about  0.01  sec.  H  we  assume  a  flying  speed  of  160  km/h 
and  a  flying  height  of  150  m  the  length  (M)  of  the  surveyed  area  is  about  2  m, 
the  width  (K)  about  0.6  m.  The  corresponding  figures  tor  a  flight  altitude  of 
1000  m  are  about  14  m  and  1.8  m,  respectively.  Later  spectrovlsors  of  the  S 
family  have  higher  scanning  frequencies  and  an  Improved  ratio  between  the  idle 
running  and  actual  working  time. 

Errors  in  measurement  can  originate  from  three  different  sources:  From 
the  optical,  the  photoelectrical  and  the  oscillograph  part.  The  combined  error 
introduced  by  the  first  two  is  of  about  the  same  order  as  the  one  for  photo- 
electiical  spectrometers  such  as,  for  example,  the  SF-4  (Bee  section  1.3.2). 
Through  the  amplification  of  the  signals  for  the  cathode  ray  tube  and  the  evalua¬ 
tion  of  the  oscillograms  an  additional  error  of  about  +  2  %  occurs.  The  total 
standard  deviation  of  one  measurement  amounts  to  about  +  3  %  (percent  of 
measured  values). 

To  investigate  the  reproducibility  of  results  obtained  with  different  types 
of  spectrometric  Instruments  comparative  tests  were  carried  out  with  a  visual 
photometer  (type  UF-2),  a  photoelectric  field  spectrometer  and  a  spectrovisor  by 
measuring  the  spectral  reflectance  of  colored  paper  in  relation  to  a  barite  standard. 
An  example  of  the  results  is  shown  in  Fig.  24.  All  curves  are  similar  in  shape, 
but  difier  somewhat  in  height  on  the  ordinate.  A  probable  explanation  for  this  in¬ 
congruity  are  differences  In  the  angular  field  of  the  three  instruments  and  the 
non-orthotroplcal  properties  of  the  test  object. 

Sources:  JANUDA61E30,  KOLCVV63ASI,  KOLCVV59PSI,  ROMAMA620TS 
(English  translation:  ROMAMA64ASS). 
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Fig.  24 

Comparative  spectral  re¬ 
flectance  curves  of  colored 
paper  obtained  with  a  photo¬ 
electric  field  spectrometer 
(1),  a  spectrovisor  (2)  and 
a  universal  photometer  (3) 
(from  KOLCVV59PSI). 

°w  loo  too 


1.5.3  Model  1959  Spectrovisor 

Another  aerial  cathode  ray  spectrometer,  known  as  the  "Model  1959 
Spectrovisor,  (Russ. :  "spektrovizor  obrazca  1959  g. "),  was  constructed  at  the 
Laboratory  of  Aeromethods,  Academy  of  Sciences,  by  a  group  of  scientists 
headed  by  K.E.Meleshko.  Fig.  25  shows  Its  optical  system  in  diagrammatic 
form.  The  working  principles  are  similar  to  those  of  the  S-2,  except  for  the 
dispersing  element  and  the  wavelength  scanning  device,  which  are  a  diffraction 
grating  with  600  lines  per  mm  (4)  and  a  vibrating  mirror  (5),  respectively.  With 
the  mirror  principle  higher  scanning  frequencies  can  be  obtained.  System  14 
to  20  provides  for  the  formation  of  two  marks  indicating  the  boundaries  of  the 
spectrum  on  the  cathode  ray  tube.  System  21  to  26  iB  employed  to  calibrate  the 
instrument  with  the  flux  transmitted  by  a  glass  filter  (type  PS-7)  (25)  with 
characteristic  absorption  oands.  A  Dove  prism  (26)  opens  and  closes  the  entrance 
slit  (2)  of  the  spectrometer  to  radiation  coming  from  the  object  lens  (1).  In  the 
closed  position,  the  slit  transmits  filtered  radiation  from  a  lamp  (21).  Element 
27  is  a  shutter  used  for  marking  the  zero  intensity  on  the  cathode  ray  tube.  The 
spectral  resolution  of  the  Instrument  is  20  m/a. 

As  in  the  case  of  the  S-2,  a  movie  camera  (type  KS-50)  films  the  screen 
of  the  cathode  ray  tube.  However,  the  same  camera  also  photographs  the  terrain 
through  a  specially  mounted  additional  lens.  An  example  of  a  frame  produced 
by  this  camera  is  shown  in  Fig.  26.  Measurements  are  made  with  a  frequency 
of  12  -  32  frames  per  second.  A  general  view  of  the  spectrometer  is  given  in 
Fig.  27. 

A  special  feature  of  this  spectrovisor  is  a  device  permitting  an  intensity 
calibration  of  oscillograms  at  regular  Intervals  during  the  flight.  Previously, 
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Fig.  25  Optical  system  cf  the  Model  1959  Spectrovtsor,  constructed  by  K.E. 
Meleshko  et  al.  (from  ROMAMA62CTS). 

1  =  object  lens,  2  *  entrance  silt,  3  *  collimator  lens,  4  *  diffrac¬ 
tion  grating,  S  o  vibrating  mirror,  6  *  magnifying  lens,  7  »  mirror, 
8  a  exit  slit,  9  ■  semi-transparent  mirror,  10  aud  11  a  lenses,  12 
and  13  *  photomultipliers  (types  FEU-17  and  FEU-22,  compare  with 
Fig.  21),  14  ■  incandescent  lamp,  15  »  diaphragm,  16  =  lens,  17-20 
a  mirrors,  21  ■  Incandescent  lamp,  22  ■  lens,  23  =■  diaphragm,  24  * 
lens,  25  ■  filter,  26  *  Dove  prism,  27  -  shutter. 


Fig.  26 

Example  of  a  frame  produced  by 
the  movie  camera  of  the  Model 
1959  Spectrovtsor.  On  the  left 
side  is  the  terrain  photo,  on  the 
right  side  the  oscillogram  photo¬ 
graphed  from  the  cathode  ray  tube 
The  small  area  a  x  b  represents 
the  terrain  section  covered  by  the 
angular  field  of  th«  •p*rtrometer 
(from  ROMAMA6  20TS) . 


General  view  of  the 
Model  1959  Spectrovisor 
(from  VORONM80U8I). 

1  =  cathode  ray  tube, 

2  a  amplifiers  and  sweep 
generator,  3  =  movie 
camera,  4  *  air  photogra¬ 
phic  object  lens,  5  » 
spectrometer  lens,  6  = 
monochromator. 


a  calibration  could  be  conducted  only  before  and  after  flight.  The  spectrometer 
is  fastened  in  the  door  opening  just  outside  the  plane  in  such  a  way  that  it  can 
be  rotated  around  a  horizontal  axis.  In  the  normal  position  it  points  downward 
and  surveys  the  terrain.  For  calibration  it  iB  turned  upward  and  fitted  into  a 
tube  with  a  dull  white  paint  on  the  inner  surface  and  carrying  a  flat  piece  of 
frosted  glass  (see  Fig.  28).  The  radiation  coming  from  the  sun  and  the  sky  is 


Fig.  28 

Mounting  of  the  Model  1959 
Spectrovisor  cuiside  the  aircraft. 
The  spectrometer  (S)  is  shown 
in  upward  position  to  measure  the 
radiation  falling  through  the 
standardizing  device  (D)  (from 
ROMAMA620TS). 
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diffused  by  Nils  device  and  recorded  by  the  spectrometer  as  reference  (see  Fig. 
28).  Such  an  in-flight  calibration  requires  1  to  2  sec.  By  repeating  this  pro¬ 
cedure  several  times  during  a  flight,  changes  in  illumination  can  be  observed 
and  taken  into  account.  The  recordings  of  this  standardizing  device  have  a  known 
relationship  to  the  reflectance  of  a  barite  standard,  i.e.  the  tube  has  been 
calibrated  on  the  ground  under  various  conditions  of  illumination  to  a  normal 
standard  surface. 

The  overall  accuracy  of  the  Model  1959  Spectrovisor,  expressed  as 
standard  deviation,  is  +  2  -  3  %  under  laboratory  conditions.  For  operational 
airborne  use  the  erur  is  somewhat  greater,  especially  In  the  infrared  region. 
The  main  drawbacks  of  this  spectrometer  are  its  great  wetght  (110  kg),  the 
moving  parts  (scanning  mirror),  which  are  easily  damaged,  the  relatively  thick 
curves  produced  on  the  cathode  ray  tube  and  navigational  difficulties  during 
flights  due  to  the  off-axis  position  of  the  assembly. 

Sources:  ROMAMA820T S  (English  translation:  ROMAMA64ASS),  VORONM6QSIP  + 
VORONM60SIS  (English  translation:  V ORONM60USI) 

1.5.4  Aerial  Interference  Spectrometer  US-2 

Another  solution  for  wavelength  scanning  was  chosen  for  the  Aerial 
Interference  Spectrometer  (Russ. :  "letnyj  interferenctonnyj  spektrometr")  US-2, 
developed  at  the  Laboratory  of  Aeromethods,  Moscow  State  University.  It  is 
equipped  with  a  set  of  interference  filters  mounted  on  a  rotating  disk.  This 
makes  the  construction  much  simpler  and  less  sensitive  to  mechanical  shocks. 
The  disk  performs  about  20  revolutions  per  sec.  and  can  carry  up  to  43  different 
filters.  The  filters  have  a  diameter  of  16  mm,  their  spectral  half  w(dth2^  is 
10  myu  and  their  maximum  transmission  varies  between  20  and  50  %.  Other¬ 
wise,  the  construction  is  similar  to  that  of  other  spectrovlsors,  l.e.,  radia¬ 
tion  is  sensed  by  a  photomultiplier,  the  output  is  amplified  and  fed  into  a 
cathodo  ray  tube.  However,  only  one  photomultiplier  of  the  type  FEU-22  is  used, 
which  gives  the  instrument  a  spectral  sensitivity  range  from  370  to  1000  m/u 
and  maximum  sensitivity  in  the  750  +  1000  mp  band  (see  Fig.  21).  Of  this  only 
the  interval  between  400  and  900  m  p  Is  utilized,  however.  The  constructional 
simplifications  cut  the  weight  of  this  spectrovisor  down  to  only  30  kg.  The  side 
length  of  the  area  covered  is  about  VM  of  the  flying  height.  In  contrast  to  the 
Model  1959  Spectrovisor  (see  1.5.3)  no  means  is  provided  for  intensity  ca libra- 
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Fig.  29  General  view  of  the  Aerial  ftiter- 
ference  Spectrometer  US-2.  The 
movie  camera  photographing  the 
oscillograph  screen  has  been  re- 
moved  (from  RASPNA64ISI). 


tion  during  flight,  so  that  the  standard  surface  (barite  paper)  has  to  be  measured 
before  and  after  missions.  The  standard  deviation  of  single  recordings  is  +  2  - 
3  %. 

A  general  view  of  the  US-2  is  given  by  Fig.  29.  One  should  note  that 
in  this  Illustration  the  movie  camera  registering  the  oscillograms  has  been  re¬ 
moved. 

Source:  RASFNA84I£I. 

1.5.5  Processing  of  oscillograms 

To  obtain  reflectance  values  in  percent,  the  oscillograms  of  investigated 
objects  are  compared  with  a  standard  oscillogram.  This  is  either  a  recording 
made  of  a  barite  paper  before  and  after  the  flight  or  a  curve  measured  through 
the  standardizing  device  during  the  flight  in  the  case  A  the  1959  Model  Spectro- 
vlsor  (see  section  1.5.3).  Object  and  standard  oscillograms  are  traced  from 
the  film  on  tracing  paper.  Since  the  standard  curve  represents  known  reflectance 
values,  the  reflectance  of  the  object  can  be  determined  for  each  wavelength  by 
comparing  the  ordinates  of  its  oscillogram  with  the  standard  ordinates. 


Source:  KOMAMA620TS  (English  translation:  ROMAMA64A3S). 
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1.5.6  Spectrozonal  Computing  Bpectrovlsor  for  tine-scan  imagery 

Recent  trends  in  the  construction  of  aerial  spectrovisors  go  in  the  direc¬ 
tion  of  instrument"  which  are  not  used  as  spectrometers  tn  the  conventional 
sense,  but  which  Instead  produce  line-scan  Imagery.  Although  this  does  not  fall 
strictly  under  “measurement  of  spectral  reflectance”,  for  the  reader  interested 
we  present  here  one  example,  the  Spectrosonal  Computing  Bpectrovlsor^  de¬ 
signed  by  V.V.Kol'cov  at  the  Laboratory  of  Aeromethods,  Academy  of  Sciences 
in  the  early  nineteen-sixties.  The  working  principles  are  Illustrated  by  Fig.  30. 


Fig.  30 

Working  principles 
of  the  Bpectrozonal 
Computing  Spec.ro- 
visor  (from 
KOLCW66SAP). 
For  explanation 
see  text. 
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Line  scanning  of  the  terrain  is  performed  by  a  rotating  mirror  drum  (2).  Lens 
1  projects  the  image  onto  the  entrance  slit  (3)  of  a  bichromator,  which  consists 
of  lenses  4  and  6,  a  reflecting  diffraction  grating  (5)  and  two  exit  «lits  (7  and 
8).  These  exit  slits  can  be  adjusted  for  various  wavelengths  independently  of 
each  other.  The  radiation  passing  through  the  slits  is  received  by  two  photo¬ 
multipliers  (9  and  10).  The  electric  currents  produced  are  processed  in  an 
electronic  computing  device  (11)  sad  the  output  of  this  latter  governs  the  intensity 
of  the  scanning  spot  on  a  cathode  ray  tube  (13).  The  generator  (12)  for  the  sweep 
of  the  spot  is  synchronised  with  the  mirror  drum.  By  means  of  1ms  14  the  line 
image  is  projected  onto  the  film  plane  (15).  The  computer  processes  the  signals 
in  such  a  way  that 
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whereby  D  «  film  density  and  and  ■  the  radiation  Intensity n  at  the 

1  2 

two  wavelength  intervals  given  by  the  exit  slits,  lb  other  words,  the  dene  ty  of 

the  exposed  film  is  the  re  so  It  of  the  ratio  between  spectral  signals  rece'  id 

from  two  narrow  wavelength  bands.  For  a  given  purpose  spectral  bar .  can  w 

chosen  which  produce  different  contrasts  /B^  for  object?  at  separated. 

1  2 

S  would  also  be  feasible  to  build  instruments  which  are  sen^r  vf  i0  more  than 
two  spectral  intervals. 


Source:  KOLCVV66SAP. 

1.6  Preparation  of  oamr'.>  .or  laboratory  and  field  measurements 
1.6.1  Soil  and  rock  samples 

■•'or  the  systematic  investigation  of  reflecting  properties  of  soil  materials 
with  a  visual  photometer  in  the  laboratory  the  standard  practice  for  the  prepara¬ 
tion  of  samples  is  as  follows.  Material  is  usually  taken  from  tLe  surface  layer 
(depth  0-0.5  cm).  A  part  of  the  sample  is  subjected  to  an  analysis  of  moisture 
content,  of  chemical  and  granulometric  properties.  Another  part  is  pulverized 
in  an  iron  mortar  and,  in  order  to  make  material  from  different  soils  compar¬ 
able,  passed  through  a  sieve  with  a  mesh-width  of  1  or  0.5  mm  (sometimes 
also  0. 1  mm)  or  through  a  set  of  sieves  if  different  fractions  are  to  be  com¬ 
pared  and  brought  to  an  air-dry  state.  Before  drying,  the  samples  are  also 
purified  of  iron  added  during  the  work  hi  ihe  mortar  by  means  of  a  magnet  and 
foreign  dust  and  smaller  particles  which  biuck  <c  Lxger  ones  are  removed  by 
rinsing  with  water  and  decanting.  For  the  measurement  the  material  is  put  into 
a  tray  and  the  surface  smoothed  out  by  meins  of  a  piece  of  glass. 

For  the  analysis  of  the  influence  of  moisture  on  reflectance,  various 
amounts  of  distilled  water  are  added  to  the  samples  by  means  of  a  pipette  and 
the  material  is  thoroughly  mixed  with  a  rubber  pestle.  To  avoid  the  loss  of 
water  through  evaporation  during  measurements,  the  tray  containing  the  soil 
material  is  in  this  case  covered  by  a  plane  parallel  glass  plate.  This  plate 
lowers  the  apparent  reflectance  of  samples  by  2  -  3  %  (percent  of  measured 
values).  This  errdr  lies  within  the  accuracy  of  the  method  of  measurement  and 
>  •  can  be  neglected.  Tim  volumes  of  water  added  are  either  known  beforehand  or 
determined  titer  the  measurement  by  weighing  and  drying  the  material  until  no 
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(arth«r  :hange  in  weight  con  be  observed. 

'M.  Danchev  employed  a  similar  method  for  the  laboratory  investigation 
of  rock  samples.  He  broke  a  piece  of  rock  into  small  parts,  ground  these  to 
powder  in  a  mortar  and  than  prepared  the  sample  in  the  same  way  as  described 
above.  It  should  be  noted,  however,  that  reflectance  from  such  samples  may  be 
considerably  different  in  comparison  with  that  from  natural  rock  surfaces,  as 
has  b;en  criticized  by  M.  A.Romnova  (F.0MAMA620TS,  English  translation: 
ROM;lMA84ASS). 

Somces:  TOLCJS60PFT,  T0LCJ8590TP,  BE  LOIN58NFI,  DANCVIS6M1C. 


1.6.2  Vegetation  samples 


For  the  measurement  of  the.  reflectance  from  trees  on  the  ground  by 
means  of  a  visual  photometer  or  a  photoelectric  field  spectrometer,  freshly  cut 
branches  or  parts  of  branches  are  laid  out  in  several  layers  cm  a  plywood  plate 
in  such  a  way  that  the  wood  is  entirely  covered. 

The  spectrometering  of  whole  tree  crowns  Is  carried  out  from  a  tower 
14  -  15  m  high.  Sample  trees  are  felled  in  the  vicinity,  the  upper  halves  are 
cut  off,  put  under  the  tower  and  measured  within  V2  *  1  hour  after  cutting  (Bee 
Fig.  31). 


iiSzJl 

Sei-cp  for  the  measurement 
of  spectral  reflectance  of 
whole  tree  crowns  from  a 
tower  (from  BELOSV59AFL). 
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Id  cues  where  ground  measurements  were  carried  out  and  no  detailed 
description  o t  tbe  method  of  measurement  is  given,  It  has  to  be  assumed  that 
the  spectrometric  Instrument  was  put  on  a  tripod  and  that  a  part  of  the  Integral 
surface  cover  was  recorded  (for  example  agricultural  crops  and  desert  plants). 


Source:  HEL08V59AFL,  AIEKVA608DP 
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2.  Brief  description  of  major  projects  and  project  areas 


The  following  sections  will  provide  a  short  description  cl  major  spectral 
reflectance  measurement  projects,  including  a  survey  of  the  geographies'  en¬ 
vironment  of  project  areas  (see  also  map),  in  addition  to  the  Information  taken 
directly  from  the  Russian  papers  concerned,  the  reporters  have  made  use  of 
the  comprehensive  work  by  L.S.  Berg  on  the  geographical  zones  of  the  US8R^ 

and,  in  the  case  of  the  Caspian  Lowland,  also  of  M.  8.  Siniakova's  account  of 

91 

soil  mapping  by  means  of  color  air  photography 


2.1  Leningrad  area 

From  June  IS  to  October  2,  1955,  E.S. Arcybashev,  8.V.  Belov  and 
N.G.Kharlii  of  the  Laboratory  of  Aeromethods,  Academy  of  Sciences  of  the 
USSR,  conducted  spectral  reflectance  measurements  in  the  area  cl  the  ex¬ 
perimental  forest  of  Liaino  in  the  "rayon*  of  Tosna,  district  ("oblast1")  of 
Leningrad.  Parallel  observations  on  the  phenology  of  the  vegetation  were  taken 
by  A.M.Beresln,  V.LLement'ev  and  I.A.Trunov  of  the  same  Institution. 

The  study  area  belongs  to  the  Ladoga-Ilmen- Lowland.  The  urderground 
Is  composed  of  Devonian  limestones  and  marls  and  covered  by  quaternary  de¬ 
posits,  among  which  heavy  varve  clays  (banded  clays)  are  of  special  Importance 
as  soil-forming  material.  The  soils  are,  in  general,  weakly  podzo»<~-i.  Tho 
climate  is  characterized  by  a  mean  January  temperature  of  about  -8°  C,  a 
met.  July  temperature  of  about  ♦  16°  C  and  an  annual  precipitation  of  about 
600  mm. 

The  vegetation  encountered  in  the  area  Is  typical  for  the  southern  part 
of  the  taiga  belt  with  Scotch  pine,  Norway  spruce,  European  white  birch  and 
aspen  as  characteristic  species.  The  forest  stands  are  predominantly  mixed 
and  an  average  stead  consists  of  30  %  spruce,  30  %  ptre,  20  %  birch  and  20  % 
aspen,  fits  classes  n  and  in  prevail.  Table  4  provides  a  description  of  pure 
stands  with  associated  soils  selected  for  reflectance  measurements. 

Terrestrial  measurement*  were  carried  out  with  the  Universal  Photo¬ 
meter  FM  (see  section  1.2.1)  at  seasonal  Intervals  on  young  and  old  shoots  of 
spruce  (see  Diags.  8  -  8  and  13)  and  pine  (Diaga.  14,  56  and  5?)  and  leaves  at 
birch  (Diags.  16,  24  ,  56  and  57)  and  aspen  (Diags.  56  and  57)  (tor  the  prepara¬ 
tion  of  samples  see  section  1.6.2).  For  the  two  coniferous  species,  samples 
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were  obtained  from  trees  in  stands  of  the  btlberry  and  wood-sorrel  spruce  and 
pine  forest  type  with  site  class  n  -  IQ,  sge  class  V  -  VI  and  a  density*^  o f 
0.6  -  0.8.  To  seme  extent  also  the  influence  of  site  conditions  on  reflectance 
was  investigated.  Some  comparative  results  are  given  in  Diags.  14  and  15.  A 
few  recordings  of  the  reflectance  of  the  ground  cover  under  the  trees  (herb  and 
moss  layer)  were  taken  as  well. 

A  US-2  spectrograph  and  a  Universal  Photometer  FM  (see  section  1.2.1) 
served  for  reflectance  measurements  from  the  air.  Of  each  principal  tree 
species,  i.e.  pine  (Diags.  26,  58  -  60),  spruce  (Diag.  58),  birch  (Diags  35, 

58  -  30)  and  aspen  (Diags.  30,  59  -  60)  a  pure  stand  (see  description  in  Table 
4)  was  selected  for  investigation.  With  the  FM  only  observations  in  the  vertical 
direction  could  be  made,  whereas  the  Ld-2  also  permitted  measurements  at 
oblique  angles  (Diags.  26,  30,  35).  Additional  cover  types  measured  from  the 
air  included  forest  clearings  (Diag.  35),  upland  meadows  (Diag.  62)  and  pear 
digging  areas  (Diag.  65). 

Source:  ARCYES580ST,  BEL06V57I0S,  HEL08V59A FL. 

2.2  Tomsk  area 

Another  study  area  chosen  by  the  Laboratory  of  Aeromethods,  Academy 
of  Sciences  of  the  USSR,  for  ’he  collection  of  reflectance  data  is  a  forest  near 
Tegui'det  in  the  district  of  Tomsk,  some  200  km  northeast  of  the  city  of  Tomsk. 

The  field  work  was  carried  out  by  S.V.  Belov,  E .  S.  Arcybshev  and  V.  A.  Alekseev 
between  July  5  and  September  15,  1957. 

The  area  around  Tomsk  has  a  continental  climate  with  a  mean  January 
temperature  of  -20°  C. ,  a  mean  July  temperature  of  +18°  C.  and  an  annual 
rainfall  of  400  mm.  Although,  according  tc  L.S.  Berg’s  map8^  of  the  geographical 
zones  of  the  USSR,  Tegui'det  lies  just  south  of  the  ta’ga  belt  in  the  forest  steppe 
zone,  the  tree  species  occuring  in  the  area  are  typical  for  the  southern  part  of 
the  taiga:  Norway  and  Siberian  spruce,  Scotch  and  Siberian  stone  pine,  Siberian 
fir,  European  white  birch  and  asper.  (see  description  of  stands  in  Table  5). 

Reflectance  measurements  ot  whole  tree  crowns  (see  section  1.6.2)  were 
conducted  for  the  above  species  with  a  Universal  Photometer  FM  and  partly  with 
a  spectrograph  LS-3  (see  sections  1.2.1  and  1.4.1,  respectively)  from  a  towei. 

Some  results  of  these  investigations  are  reproduced  in  the  report,  namely  for 
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Scotch  pine  in  DiagB.  ^  | 

11  and  53,  (or 
Siberian  stone  pine, 

Siberian  fir  and  aspen 
In  Dlag.  44,  and  (or 
Siberian  spruce  and 
European  white  birch  | 

in  Dlag.  53.  For 
some  crowns  measure¬ 
ments  were  repeated 
(or  a  period  of  one 
to  six  days  In  order  j 

tc  study  how  the  dis-  j 

turbance  't  the  j 

metabolism  would  In-  j 

fluence  the  reflectance.  1 

Only  a  Cow  >  bserva-  ’*  I 

tions  were  made,  how-  j 

ever,  and  no  detailed  ! 

results  have  been  re-  ’  ; 

ported. 

Branches  were  col-  ! 

lected  from  the  same  j 

trees  for  a  parallel 
investigation  of  the 
spectral  reflectance 
of  leaves  and  needles 
by  means  of  the  FM 

i 

(for  the  preparation  I 

of  samples  see  section  j 

1.6.2).  Examples  are  j 

given  for  Scotch  pine  I 

in  Diag.  11  and  for  j 

aspen  in  Diag.  19.  In  ‘ 

some  instances  also 
fresh  branches  with¬ 
out  leaves  and  needles  r 

(see  Diag.  31)  and  j 
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dead  branches  covered  by  beard-moss  (Dlag.  34)  were  measured.  Other  objects 
included  in  the  terrestrial  study  were  bark  of  trees  (Diags.  31  and  33),  meadows 
and  hay  (Diag.  63)  and  sand  with  artificial  furrows  (Diag.  99). 

The  spectrograph  IS-3  was  also  employed  for  a  number  of  airborne  re¬ 
cordings.  These  were  carried  out  over  the  more  or  less  pure  forest  stands 
given  in  Table  5  (see  results  for  Siberian  fir  forest  in  Diag.  27  and  for  dead 
trees  in  Diag.  36),  over  rye  fields  (Diag.  62),  meadows  (Diag.  62),  bogs  (Diag. 
65)  and  fallow  (Diag.  93).  T  ie  LS-3  could  be  tilted  so  that  measurements  from 
oblique  angles  were  possible,  too. 

Source:  BELOSV59AFL. 


2.3  Arkhangelsk  area 


In  1956  a  sample  plot  was  selected  on  the  lower  Onega  river  in  the 
district  (“oblast'")  of  Arkhangelsk.  The  same  group  of  scientists  which  did  the 
study  in  the  Tomsk  area  also  conducted  the  field  work  in  this  region,  hi  addition, 
N.G.Kharin  carried  out  observations  on  site  conditions,  phenology,  etc. 

The  study  area  lies  south  of  the  Onega  bay  ana  has  a  rolling  relief.  The 
underground  consists  of  Devonian  limestone  and  is  covered  by  quarternary 
glacial  deposits.  The  soils  are  sandy  or  loamy  sandy  and  podzolized.  fit  de¬ 
pressions,  neat  bogs  are  found.  The  climate  is  characterized  by  an  annual 
precipitation  of  500  -  550  mm  and  January  and  July  mean  temperatures  of  -12 
to  -13°  C  and  +15  to  +16°  C.  respectively. 

The  vegetatlonal  cover  is  typical  for  the  northern  part  of  the  European 
taiga  with  Norway  spruce,  Scotch  pine,  pubescent  birch  and  aspen  as  principal 
species.  Siberian  larch  is  less  frequent.  Along  river  courses  speckled  alder 
and  willows  are  encountered.  Most  of  the  forest  stands  are  dominated  by  spruce 
and  pine.  Pure  stands  of  birch  and  aspen  are  very  rare.  These  two  species 
usually  are  a  subordinate  component  of  the  spruce  and  pine  forests  with  a 
coverage  of  10  -  20  %.  Larches  may  cover  10  -  40  %  of  stands,  but  only  in 
areas  where  the  limestone  is  near  the  surface.  The  most  typical  forest  type  of 
this  region  can  be  described  as  bilberry  mixed  forest  with  50  %  spruce  (120  - 
180  years  old),  40  %  pine  (130  -  250  years),  10  %  birch  (80  years)  plus  some 
aspen  (80  years)  and  larch  (180  -  200  years).  Due  to  the  unfavorable  climatic 
and  pedologic  conditions  most  stands  are  of  the  site  class  IV  or  V.  83  %  of  the 
area  is  covered  by  forest,  14  %  by  bogs,  2  %  by  lakes  and  1  %  by  grassland. 
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Spectral  reflectance  measurements  were  carried  out  between  July  3  and 
August  20.  The  same  instruments  and  methods  as  used  in  the  Tomsk  study  were 
employed,  except  for  aerial  measurements  which  could  not  be  carried  out  be¬ 
cause  of  bad  weather.  A  selection  of  the  data  obtained  is  presented  in  this  re¬ 
port  (spruce  needles  in  Diag.  9,  pine  needles  in  Diag.  12,  birch  leaves  in  Diag. 
22,  aspen  leaves  in  Diag.  23,  whole  crowns  of  spruce  in  Diags.  43  and  45,  of 
pine  and  birch  in  Diag.  45,  of  larch  in  Diag.  43  and  of  aspen  in  Diags.  23  and 
43). 

Source:  BELOSV59AFL,  KHARNG60ATT, 


2.4  L'vov  area 


Investigations  on  the  spectral  reflectance  from  tree  species  and  other 
t  objects  were  carried  out  in  the  L’vov  (Lemberg)  area.  Western  Ukraine,  in 

summer  1953  by  a  group  of  scientists  of  the  Laboratory  of  Aeromethods, 
Academy  of  Sciences,  comprising  V.  A.  Alekseev,  S.V.  Belov,  I.  N.  Belonogova, 

,  N.M.  Voronkova  and  T.  A. Shishkina.  The  s.udy  area  lies  in  the  forest  steppe 

belt  and  contains  a  great  va i  .ety  of  cover  types:  Forests,  meadows,  agricultural 
crops,  swamps  and  lakes.  The  forests  are  of  the  mixed  type  and  are  composed 
of  many  different  species.  This  is  because  the  area  is  located  in  the  transitional 
zone  between  two  floristic  regions,  the  BaH  ic  and  the  Black  Sea  region, 
respectively,  and  one  can  find  Scotch  pine  associated  with  species  such  as  beech 
and  hornbeam,  which  otherwise  is  rare.  The  dominant  species  among  the  coni¬ 
ferous  trees  is  Scotch  pine,  which  forms  stands  on  sandy,  weakly  podzolized 
soils.  Much  less  numerous  are  Weymouth  pne,  spruce  and  lar~h.  Beech,  oak 
and  hornbeam,  occurring  in  pure  or  mixed  stands,  predominate  among  the  hard- 
wooc.  trees.  Sometimes  ash,  maples,  linden  and  elms  are  also  associated  with 
them.  As  representatives  of  the  taiga  belt  birch,  aspen  and  alder  can  be  found 
in  small  numbers  (see  the  description  of  sample  plots  in  Table  6). 

Systematic  ground  measurements  of  spectral  reflectance  at  intervals  of 
2-3  weeks  during  the  growing  season  (June  6  -  October  13)  were  carried  out 
With  a  pnotoelectric  field  spectrometer  (see  section  1.3.1)  and  partly  with  a 
Universal  Photometer  FM  (see  section  1.2.1)  on  branches  of  the  following  tree 
V  species  (for  the  preparation  of  samples  see  section  1.6.2):  Scotch  pine  (Diags. 

1  -  3,  46,  48  and  52),  Weymouth  pine,  Norway  spruce  (Diags.  4  -  6,  47,  49), 


Table  6  Characteristics  of  sample  plots  with  forest  stands  in  the  L'vov  area  (from  ALfiKVA60BDP) 
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larch;  European  white  birch  (Diags.  18,  46,  48,  50  and  51),  aspen  (Diags.  47, 

49  and  52),  beech  (Diags.  16,  17,  46,  48,  51  and  52),  hornbeam,  English  oak 
(Diag.  50),  ash  (Diags.  47,  49  -  51),  sycamore  maple,  European  alder  and 
brittle  willow. 

Irregular  measurements  were  also  conducted  on  other  trees  and  shrubs, 
namely  on  linden,  juniper,  hawthorn,  common  pear,  elder,  hazelnut,  Persian 
walnut,  alder  buckthorn,  buckthorn,  wartybark  euonymus,  spindle-tree,  snow¬ 
ball,  false  acacia  and  sweet  cherry. 

In  addition,  reflectance  recordings  of  a  number  of  other  objects  were  ob¬ 
tained.  These  included  bark  of  trees  (Diag.  32),  agricultural  crops  such  as 
oats  (Diags.  39  and  61),  rye  (Diag.  61),  corn,  potatoes,  beets,  flax  and  lupines, 
lowiand  and  upland  meadows,  road  surfaces,  without  and  with  pavement  (Diags. 

95  and  96),  moor  (Diag.  66)  and  sandy  and  loamy  soils  (Diags.  39,  81,  94  and 
97). 

Airborne  measurements  of  the  reflectance  of  whole  forest  stands  (see 
Diags.  10,  25,  28,  29  and  55)  were  conducted  with  the  aerial  spectrograph 
1/5-3,  which  was  equipped  with  a  false  color  film  of  the  3N-2  type  (see  section 
1.4.1).  A  number  of  more  or  less  pure  stands  with  high  crown  closure  were 
selected.  A  description  of  their  properties  is  provided  by  Table  6.  In  order  to 
investigate  the  influence  of  light  and  shadow  sides  on  remission  the  instrument 
was  tilted  and  oblique  observations  were  taken  from  various  directions  (Diags. 

25,  28  and  29). 

Source:  ALEKVA60SDP.  _ 

2.5  Northern  Kazakhstan 

Systematic  investigations  on  the  Influence  of  various  soil  properties  on 
reflectance  were  undertaken  by  J.S.Tolchel'nikov  and  I.  L.  Belogonova  of  the 
Laboratory  of  Aeromethods,  Academy  of  Sciences  of  the  USSR,  under  the  direc¬ 
tion  of  V.P.  Miroshnichenko.  Soil  samples  were  collected  from  a  variety  of  soil 
types  in  the  steppe  and  dry  steppe  zone  of  Northern  Kazakhstan. 

Among  the  soil-forming  rocks  of  the  study  area,  quaternary  loesses  and 
loess-Uke  sediments  as  well  as  a  red  weathering  crust  with  a  high  iron  oxide 
content  are  the  most  widely  distributed.  The  zonal  soil  types  of  the  area  are 
chernozems  and  chestnut  soils.  Saline,  sodic  and  related  soils,  such  as  solonetzes 
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and  aoloths,  occur  In  basins  with  bad  drainage  and  groundwater  influence. 

During  the  field  work,  soil  pretties  and  properties  of  the  soil  surface 
were  studied  in  detail.  Samples  were  collected  from  the  surface  layer  of  soils 
and  sample  points  were  noted  on  air  photographs  taken  at  the  time  of  the  field 
survey. 

In  the  laboratory  the  samples  were  anallzed  with  respect  to  granulo¬ 
metric,  mineral  and  chemical  composition  and  content  of  humus,  iron  oxides 
and  moisture  (see  results  of  analysis  in  Table  31). 

Reflectance  measurements  were  carried  out  by  means  of  a  Universal 
Photometer  see  section  1.2.1;  for  the  preparation  of  samples  see  (section  1.6.1) 
and  an  attempt  was  made  to  explain  the  reflectance  characteristics  with  the  soil 
properties.  Results  of  measurements  are  shown  for  chernozems  In  Diags.  88, 

109  and  110,  a  chestnut  soil  in  Dlag.  89,  a  solouetz  and  a  soloth  in  Diag.  110. 

In  addition,  for  a  comparison  and  a  more  systematic  investigation,  the  laboratory 
work  also  included  the  measurement  of  artificially  prepared  samples  of  various 
salts  (see  Diag.  76),  humic  acids  (Diag.  77),  iron  oxides  (Diag.  78),  minerals 
(Diags.  79  -  80),  grain  size  categories  (Diags.  82  -  87)  and  moisture  contents 
(Diags.  88  and  89). 

Sources:  HELOIN59ZSJ,  TOLCJS6QPFT,  TOLC JSeODAP1**. 

2.6  Caspian  lowland 


In  a  study  on  the  possibility  of  employing  terrain  and  cover  types  as 
indicators  for  groundwater  surveying  in  the  Caspian  lowland  (esi>ecially  in  the 
regions  of  the  Sarpinian  lakes  and  the  Tajsojgan  sands),  E.S. Arcybshev  of  the 
Laboratory  of  Aeromethods,  Academy  of  Sciences,  measured  the  spectral  re¬ 
flectance  of  some  soil  and  vegetation  types  cm  the  ground  by  mesis  of  a  Universal 
Photometer  FM  (see  section  1.2.1). 

The  Caspian  lowland  lies  within  the  semi-desert  belt  (see  map).  The  annual 
precipitation  amounts  to  about  200  mm.  R  is  distributed  more  o:.*  less  e/enly 
over  the  year  and  has  a  weak  maximum  from  May  to  June.  Due  to  a  slow  change 
to  a  somewhat  more  humid  climate,  the  area  is  presently  in  a  process  of  de- 
saltnization.  During  winter  a  thin  snow  cover  is  usually  formed.  The  rivers  are, 
in  general,  intermittent  without  clearly  marked  beds  and  do  not  reach  the  Caspian 
Sea,  except  In  times  of  high  floods.  The  soil-forming  rocks  of  the  area  consist 


of  clays,  loo ss -like  loams  and  sand.  Being  marine  sediments  deposited  by  the 
Caspian  Sea  during  a  former  transgression  period,  they  are  salt-bearing. 

The  relief  of  the  study  area  can  be  characterized  by  a  sequence  of  de¬ 
pressions  (limans*^),  which  may  be  several  meters  deep  and  vary  In  size 
o 

from  some  m  to  several  hundreds  of  ha,  and  intervening  higher  lying  areas 
(Russ.:  "plakor"),  often  with  smaller  shallow  depressions  (Russ. :  "padiny"). 

Two  types  of  limans  can  be  distinguished: 

a)  Linear  limans  (Russ.:  "lozhbiny"),  which  are  narrow  channels,  often  stretch¬ 
ing  over  a  considerable  distance,  and  b)  round  limans  (Russ.:  "zapadiny")  (see 
Fig.  32).  The  linear  limans  are  said  to  be  old  drainage  channels. 


Fig.  32 

Appearance  of  various 
types  of  depressions  in 
the  Caspian  Lowland  on 
panchromatic  air  photo¬ 
graphs.  Scale  approx. 
1:25,000  (from 
ARCYES61SEL). 

In^  ators  of  fresh  ground- 
water:  a  =  round  liman 
("zapadina"),  b  =  linear 
liman  ("lozhbina"),  c  = 
deflation  basin  ("kotlovina 
vyduvanija"),  d  =  shallow 
depression  ("padina");  In¬ 
dicators  of  saline  ground- 
water:  e  =  round  liman 
("zapadina"),  f  =  solonchak 
depression. 


Each  type  of  depression  has  its  own  hydrological  regime  and  Us  own 
process  of  soil  formation  which  depends  on  the  intensity  of  the  percolation  of 
flood,  rain  and  snow  water.  The  linear  limans  are  also  called  "open  limans", 
because  they  are  connected  to  the  river  system  and  flooded  almost  every  year. 
The  round  limans,  on  the  other  hand,  ar:  "closed",  i.e.,  they  do  not  have  a 
connection  to  the  river  system  and  their  water  supply  depends  on  rain  and  melt- 
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water  flowing  down  from  the  surrounding  terrain.  In  many  limans  and  river 
beds,  the  spring  percolation  of  fresh  water  results  In  a  desalting  of  the  top 
soil  and  in  an  accumulation  of  humus  and  moisture  and  has  lead  to  the  forma¬ 
tion  of  lenses  of  fresh  groundwater,  lying  usually  at  a  depth  of  1.5  -  5  m  over 
a  compact  horizon  of  saline  groundwater.  The  associated  soils  are  of  the  meadow 
chestnut  type  and  the  vegetation  consists  of  mesophytlc  plants,  especially  various 
species  of  couch-grass.  The  lowest  parts  may  be  marshy  and  covered  by  reed. 

In  some  cases,  however,  the  limans  are  underlain  by  saline  groundwater  only. 
Under  such  circumstances,  one  finds  saline  meadow-chestnut  soils,  solonchaks 
and  solonetzes  or  even  actual  saltpans  (Russ. :  "sort").  The  latter  are  oalt 
lakes  during  a  part  of  the  year  and,  after  drying  out,  have  a  solonchakous  sur¬ 
face.  Typical  plants  in  saline  depressions  are  the  white  polyn  and  the  annual 
saltwort.  As  a  rule,  limans  with  saline  groundwater  show  an  abrupt  boundary, 
with  respect  to  their  soil  and  vegetation  cover,  often  marked  by  a  bright  frame 
of  salt  efflorescences.  This  is  in  contrast  with  the  fresh  groundwater  limans, 
where  there  is  a  gradual  transition  to  the  surrounding  terrain. 

The  elevated  flat  terrain  (Russ.:  "plakor")  is  plateau- like  and  well- 
drained  and  the  groundwater  is  at  a  depth  of  10  -  12  m.  Since  the  process  of 
desrlinization  occurs  more  slowly  on  this  type  of  terrain,  the  soils  are  more 
or  less  saline  and  predominantly  of  the  solonetz  type.  Accordingly,  the  vegeta¬ 
tion  cover  is  sparser  than  in  the  fresh  water  limans  and  consists  of  xerophytic 
and  halophytic  species,  such  as  bijurgun. 

The  shallow  depressions  ("padiny")  or.  the  upland  terrain  are  10  -  30  cm 
deep  and  frequently  circular  in  shape  (see  Fig.  32).  Their  type  of  water  regime 
is  between  that  of  fresh  water  limans  and  that  of  the  level  "plckor*  surface, 
i.e. ,  the  groundwater  underneath  is  less  mineralized  and  the  vegetation  cover  is 
denser  than  on  the  surrounding  flat  terrain. 

Some  parts  of  the  Caspian  lowland  are  covered  by  aeotian  t'ands  which 
form  either  a  stable  and  flat  cover  or  consist  of  moving  barkhan  dunes.  The 
sand-covered  areas  act  as  collectors  of  percolation  water  and,  therefore,  give 
rise  to  the  formation  of  fresh  groundwater.  The  vegetation,  consisting  of  sand 
poiyn,  licorice  and  other  species,  is  especially  concentrated  in  areas  where  the 
groundwater  is  relatively  near  to  the  surface,  i.e.,  or.  the  marginal  parts  oi  tne 
sand  and  on  deflation  basins. 

Selected  examples  for  the  spectral  reflectance  of  indicators  of  fresh 
groundwater  are  presented  in  Diags.  88,  70,  73  and  74;  for  that  of  Indicators  of 
saline  groundwater,  in  Diags.  71,  72  and  75. 


8ources:  ARC  YES6JSE  L,  ARC  YES82ISJ. 
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S.  Results  of  measurement?:  Vegetation 


3.1  Spectral  reflectance  of  trees 


In  the  following  we  shall  make  an  attempt  to  order  ihe  results  of  re¬ 
flectance  measurements  in*o  a  rumbei  oi  ..actions  which  will  deal  with  various 
factors  affecting  reflectance,  such  as  season,  exposure,  site  condition,  angle  of 
observation,  etc.  A  comparison  of  species  will  be  provided  at  the  end  of  this 
part.  Before  doing  so,  however,  it  may  be  useful  to  remember  son;?  of  the  basic 
facts  associated  with  reflectance  of  vegetation. 

Healthy  green  vegetation  iias  reflectance  minima  in  the  blue  and  red  (at 
about  575  m pi)  and  a  n._ximum  in  the  green  (at  550  m pi)  portion  of  the  visible 
spectrum.  This  property  can  be  explained  by  the  absorption  characteristics  of 
chlorophyll  (see  Fig.  33).  Above  680  m  pi  there  is  a  sharp  upswing  in  reflectance, 


Fig.  33  Spectral  absorption 
characteristics  of 
chlorophyll  a  and  b 
(after  V.  Ijubimenko*^, 
from  IUNAA47SPO). 


which  thee  remains  high  throughout  the  whole  near  Infrared  zone.  Investigations  of 
chlorophyll  extractions  have  shown  them  to  be  completely  transparent.  In  Dlag.  37 
the  transparency  oi  a  single  birch  leaf  in  the  Infrared  is  demonstrated  by  the 
comparison  of  spectral  reflectance  curves  obtained  for  three  different  backgrounds, 


i 


60 


namely  white  paper  (reflectance  90  %),  gray  paper  (55  %}  and  black  paper  (6  %). 
It  can  be  seen  that,  with  a  dark  background,  the  intensity  of  radiation  recorded 
drops  considerably.  In  the  visible  part  of  the  spectrum  all  curves  coincide 
(ILINAA47SPO).  The  high  remission  values  in  the  infrared  region  observed  for 
healthy  vegetation  are  caused  by  the  internal  plant  tissue,  which  reflects  infra¬ 
red  radiation  heavily.  This  i.>  especially  true  for  the  spongy  parenchyma  of 
leaves.  In  needles  this  kind  of  mesophyll  is  absent,  which  explains  the  well- 
known  contrast  between  deciduous  and  coniferous  forests  with  respect  to  Infrared 
reflectance. 

As  soo.i  as  leaves  of  deciduous  species  begin  to  wilt  in  fall,  the  high 
infrared  remission  drops.  With  the  loss  of  the  chlorophyll  and  the  onset  of  the 
fall  coloration  the  reflectance  maximum  in  the  green  and  the  minimum  in  the 
red  part  of  the  spectrum  disappear  and  the  spectral  curve  takes  a  more  regular 
shape  with  a  steady  upward  trend  from  the  lower  visible  wavelengths  to  the 
infrared  (see  below). 


3.1.1  Reflectance  as  a  function  o?  season  (phenology):  Deciduous  har  wood  trees 

Seasonal  changes  are  most  conspicuous  with  deciduous  hardwood  trees. 

Various  sources,  among  them  especially  the  data  collected  by  V.  A.  Alekseev  and 
S.V.  Belov  in  the  L'vov  area  (see  section  2.4)  by  measuring  leaves  on  .  i  ground, 
permit  the  following  conclusions: 

1.  The  foliage  has  a  high  reflectance  after  leafing  cut:  Although  re¬ 
flectance  measurements  were  not  started  before  June,  it  can  be  seen  that  the 
first  curves  recorded  indicate  a  higher  reflectance  than  those  obtained  later  in 
the  summer  and  early  fall  (see  Curves  16.1  for  beech,  18.1  for  birch,  50.2  for 
ash  and  50.3  for  English  oak,  respectively).  This  is  caused  by  a  low  chlorophyll 
content  and,  consequently,  a  light  green  color  of  the  leaves.  The  shape  of  the 
curves  is  that  typical  for  green  vegetation  as  explained  above.  Average  re¬ 
flectances  are  6  -  9  %  In  the  blue,  10  -  15  %  in  the  green,  8  -  14  %  In  the 
red  and  72  -  77  %  in  the  infrared  portion  of  the  spectrum  (see  Table  7). 

2.  The  reflectance  drops  at  all  wavelengths  more  or  less  steadily  from 
the  period  of  leafing  out  until  the  beginning  of  the  fall  color  change.  This  in  il¬ 
lustrated  by  sequential  measurements  taken  on  beech  foliage  (Curves  16.1  -  17.1). 

Similar  results  were  obtained  for  leaves  of  birch  (see  Curves  18.1  and  18.2), 

aspen,  maple,  ( probably  Sycamore  maple)  ash  (see  Curves  50.2  and  51.3)  and  « 

English  oak.  Until  the  middle  of  September  average  reflectances  drop  to  4  -  8  % 


Beech 

- - - 

European 

white 

Aspen 

Maple 

Ash 

1 

birch 

Green  leaves  in  early  summer 


VII-16 


Green  leaves  in  ear1'-  fall 


IX-14 


VI-7 

50.2  |  50.5 


Table  7  Seasonal  changes  of  the  reflectance  (%)  of  deciduous  tree 

- - -  foliage  in  tlu.  L'vov  area  for  selected  spectral  intervals 

(based  on  data  reported  in  ALEKVA60SDP) 

SRC  no.  =  Spoctral  reflectance  curve  number 


Spectral 

region 


Date 
SRC  no. 


Blue 

(450-490  mp) 
Green 

(510-590  mp) 
Red 

(610-690  a p) 

Infrared 
(710-690  mp) 


Date 
SRC  no. 


Blue  4.3  7.7  5.0  4.8  3.9 

Green  8.2  12.2  8.9  7.4  5*9 

Red  6.5  9*8  6,6  5.9  4.^ 

Infrared  60.7  57.0  51.6  56.3  55.1  _ 

Green  or  yellow-green  leaves  at  beginning  of  fall  coloration 
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7.7 

5.0 

4.8 
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12.2 

8.9 

7.4 
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9.8 

6.6 

5.9 

4.5 

57.0 
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56.3 

55.1 

Date 
SRC  no. 


IX-29 

17.1 


IX-30 

18.2 


IX-30 


IX-29 


Blue  3.0 
Green  6.2 
Red  4  6 
nfrared  |  36,9 
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SRC  no. 
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Groen 

Red 

Infrared 


Date 
SRC  no. 


Blue 

Green 

Red 

Infrared 


3.9 
7,1 
5.3 

|  35.6  |  47.0  |  52.6 
fellow  or  yellow-orange  leaves 


Dry  brown  leaves 
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IX-30 


X-l 

17.2 

X-ll 

18.3,46.2 

x-11 

49.2 

x-11 

X-12 

49.3 

X-2 

3.7 

16.9 

9.3 

30.5 

ES 

■ 

6.1 

19.6 

5.7 

17.8 

6.7 

16.6 

24.5 

43-6 

30.0 

27.1 

11.6 

21.6 

47.2 

55.5 

47.8 

47.9 

53.3 

51.9  1 
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in  the  tv:c,  6  -  12  %  in  the  green,  1  -  10  %  in  the  red  and  52  -  61  %  In  the 
infrared  spectral  region  (see  Table  7).  An  exception  to  the  rule  of  constant  de¬ 
crease  is  Curve  16.3  (reflectance  of  beech  leaves  on  September  14),  which  is 
higher  than.  16.2  (July  31)  within  the  visible  spectrum.  A  corresponding  devia¬ 
tion  was  observed  for  birch.  The  authors  do  not  comment  on  this  phenomenon. 

It  may  be  due  to  sampling  errors  or  be  associated  with  other  factors  such  as 
changes  of  moisture  stress. 

3.  It  seems  that  reflectance  becomes  lowest  at  the  very  beginning  of  the 
coloration  when  leaves  are  still  green  as  suggested  by  Curves  17.1  (beech)  and 
18.2  (birch),  recorded  at  the  end  of  September.  Average  reflectances  reach  a 
minimum  with  3  -  4  %  in  the  blue,  6  -  9  %  in  the  green,  5  -  7  %  in  the  red 
and  36  -  37  %  in  the  infrared  (see  Table  7).  It  is  above  all  striking  that  the 
infrared  remission  of  beech  and  birch  gets  more  intensive  again  later  on,  be¬ 
cause,  as  mentioned  in  the  introduction  above,  the  general  notion  is  that  infrared 
reflectance  is  relatively  high  until  the  leaves  begin  to  wilt  and  then  drops  steadily. 
Whether  this  seasonal  minimum  of  infrared  reflectance  is  typical  tor  beech  and 
birch  only  or  whether  it  was  missed  by  the  other  measurements  and,  in  fact, 

is  common  to  all  deciduous  species,  cannot  be  decided. 

4.  In  the  early  stage  of  the  fall  color  change  when  leaves  are  yellowish- 
green,  the  reflectance  has  a  tendency  to  become  more  intensive  in  the  green 
and  red  part  of  the  spectrum,  whereas  the  remission  intensity  of  blue  light  re¬ 
mains  more  or  less  constant.  As  can  be  seen  from  Table  7,  the  reflectance 
averages  of  rsh  and  aspen  on  September  29  and  30,  respectively,  were  about 
the  same  for  the  blue  wavelengths  as  on  September  14,  namely  approximately 

4  %  and  5  %,  respectively.  On  the  other  hand,  in  the  same  time  they  increased 
from  6  %  and  9  %,  respectively,  to  about  11  %  in  the  green  and  4i/2  %  and 
6  1/2  %,  respectively,  to  71/2  %  in  the  red  zone.  In  the  infrared  there  was  a 
slight  decrease  from  55  %  to  50  %  and  from  52  %  to  47  %,  respectively.  Dur¬ 
ing  the  same  time  Interval  the  maple  did  not  show  any  distinct  change  in  re¬ 
flectance  (see  Table  7).  II  must  be  assumed  that,  compared  with  the  other  species, 
the  fall  phenology  of  maple  is  less  far  developed  at  the  end  of  September.  The 
shape  of  the  spectral  remission  curve  of  yellow-green  leaves  is  still  that  typical 
for  green  vegetation,  i.e.  with  the  maximum  at  550  myu  and  the  minimum  at 
about  675  myu  as  long  as  there  is  still  some  chlorophyll  concentration  in  the 
leaves.  An  example  of  such  a  curve  is  provided  in  Dlag.  20,  where  Curve  2  re¬ 
presents  the  spectral  reflectance  of  green-yellow  maple  leaves  (based  on  data 
reported  by  A. K, Pronin). 


5.  With  the  coloration  proceeding  further  the  leaves  become  red,  orange 
or  yellow.  This  period  is  associated  with  the  loss  of  the  green  maximum  and 
the  red  absorption  minimum  and,  as  a  result,  the  general  reflectance  of  the 
visible  light  shows  an  upward  trend  and  leaves  become  more  reflective  in  the 
red  than  in  the  green  spectral  band.  Averages  are  now  between  4  and  9  %  in 
the  blue,  17  and  30  %  in  the  green  and  22  and  44  %  in  the  red  portion  of  the 
spectrum.  The  infrared  returns  remain  on  about  the  same  level  as  before  and 
vary  between  47  and  56  %.  The  shape  of  the  spectral  curves  can  now  be  des¬ 
cribed  by  a  sharp  upswing  between  500  and  600  m  yu  and  a  slight  but  constant 
increase  above  600  myu  up  to  900  myu  (see  Curves  17.2,  18.3,  19.2  +  3  and 
20.3  for  beech,  birch,  aspen  and  maple,  respectively,  and  also  49.2  for  asper.). 

As  one  would  expect  from  the  color,  the  sharp  increase  in  reflectance 
occurs  at  about  500  myu  for  yellow  and  at  about  60C  myu  for  red  leaves  (see 
comparison  of  curves  2  and  3  in  Diag.  19). 

Ash  is  an  exception  in  that  Its  leaves  remain  yellow-green  until  their  fall. 
Consequently,  although  the  genera’,  reflectance  increases,  the  spectral  remission 
curve  keeps  the  shape  which  is  typical  tor  green  vegetation  (see  i  able  7  and 
Curve  49.3). 

6.  In  some  instances  dry  brown  leaves  were  also  measured.  Compared 
with  the  situation  at  the  time  of  coloration,  they  become  much  less  reflective 
(see  Table  7).  The  average  reflectance  is  about  3  -  7  %  in  the  blue,  6  -  8  %  in 
the  green,  11  %  in  the  red  and  16  -  21  %  in  the  infrared  spectral  zone.  The 
spectral  reflectance  now  becomes  an  almost  linear  function  of  wavelength  as 
demonstrated  by  Curves  17.3  and  52.1  (beech)  and  52.2  (aspen).  The  2-  to  3-fold 
increase  of  reflectance  from  the  visible  to  the  infrared  spectrum  is  typical  for 
recently  withered  leaves.  Af;er  some  time  the  curves  become  flatter.  It  should 
be  noted  that  the  color  change  may  take  place  at  different  times  for  various 
species  and  that  the  same  species  may  undergo  this  phenologies?  stage  sooner  or 
later,  depending  on  site  conditions.  As  reported  by  N.G.Kharin  from  the 
Arkhangelsk  area,  birch  starts  to  change  its  color  and  drop  its  leaves  first  in 
highbog  pine  and  highbog  spruce  forests.  The  corresponding  phenological  stages 

in  bilberry  spruce  forests  belonging  to  site  classes  in  or  IV  o-cur  about  10  to 
15  days  later.  The  leaf  cclor  change  of  aspen  begins  later  than  that  of  birch; 
however,  full  coloration  is  reached  about  5-10  days  earlier  Kharin  also  states 
that,  leaves  of  the  same  tree  species  may  exhibit  a  color  variation  from  one  type 
of  forest  to  another.  In  bilberry  pine  forests  birch  leaves  are  light  yellow  with 
an  orange  hue,  whereas  ir  highbog  pine  and  spruce  forests  they  have  rather  an 
orange-red  tone. 


Sources:  ALEKVA60SOPr  RELOSV59AFL,  PRONAK49IRA,  KKARNG60ATT. 

3.1.2  Reflectance  as  a  function  of  seasoi j  (phenology):  Coniferous  trees 

The  larch,  being  a  coniferous  tree  with  deciduous  needles,  shows  seasonal 
changes  of  reflectance  which  are  .itermediate  between  those  of  hardwood  trees 
and  those  of  evergreen  coniferous  species.  Ground  data  obtained  by  Z.  L. 
Petrushktna  in  Western  Yakutia  and  reported  by  V.M.  Bakhvalov  are  presented 
in  Diagr.  21.  Curve  2  represents  the  reflectance  of  green,  Curve  1  that  of  yellow 
needles.  The  latter  is  higher  in  the  red  part  and  lower  in  the  green  and  infra¬ 
red  parts  of  the  spectrum,  but  the  change  of  reflectance  characteristics  is,  at 
least  in  the  visible  region,  less  conspicuous  than  for  hardwood  species. 

Coniferous  trees  other  than  larch  do,  of  course,  not  show  a  fall  color 
change.  Nevertheless,  they  undergo  distinct  seasonal  changes.  Each  year  the 
formation  of  a  certain  amount  of  new  needles  takes  place  at  the  beginning  of 
the  growing  pjriod.  Moreover,  as  tor  the  deciduous  trees,  a  general  drop  of 
leflectance  throughout  the  growing  season  can  be  observed.  This  decrease  is 
especially  pronounced  for  young  needles,  but  it  takes  place  also  with  old  needles 
(one  or  more  years  old).  The  following  conclusions  can  be  drawn  from  ground  . 
measurements  carried  out  by  V.  A.  Alekseev,  E.S.  Arcybashev,  S.V. Belov  and 
ethers  in  the  Leningrad,  Tomsk  and  L'vov  areas  (see  sections  2.1,  2.2  and 
2  4): 

1.  Early  in  the  growing  season,  new  shoots  have  young  light- green 
needles  which  are  highly  reflective:  4  -  8  %  in  the  blue,  9  -  18  %  in  the  green, 
5  -  12  %  in  ti  e  red  and  50  -  60  %  in  the  infrared  spectral  region  (see  Table  8). 
The  shape  of  the  spectral  reflectance  curves  in  general  conforms  with  that  typical 
for  green  vegetation  (see  Curves  4.1  for  Norway  spruce  and  6.1  for  spruce).  The 
curves  recorded  for  Scotch  pine  around  June  20  in  both  the  L'vov  anu  the  Lenin¬ 
grad  areas  show  some  deviation  in  that  there  is  no  clear  minimum  in  the  red 
spectral  band,.  Instead,  the  latter  is  almost  flat.  This  result  can  be  explained 

by  the  presence  of  gray-brown  scales  on  the  new  pine  shoots  at  the  time  of 
measurement. 

2,  The  reflectance  oi  young  needles  drops  steadily  during  the  growing 
period,  first  rapidly,  then  more  slowly  (see  Diags.  1  (Scoi.cn  pine),  4  (Norway 
spruce)  and  6  (spruce)  ).  It  decreases  about  IV 2  -  3  times  in  the  visible  and 
about  l*/2  times  In  the  Infrared  region  between  June  and  the  end  of  September 
(early  October  in  the  L'vov  area),  about  3-5  times  between  June  and  early 


Table  8  Seasonal  changes  of  the  reflectance  (%)  of  young  needles 

-  of  some  coniferous  trees  for  selected  spectral  intervals 

(based  on  data  repeated  in  ALEK >rA6QSDP ,  ARCYES580SD  and 
BELOSV^fjAPL) 

SRC  no.  =  Spectral  reflectance  curve  number 
*  -  Oats  ^complete  for  the  spectral  interval 

specified 


September  In  the  Leningrad  area  (data  for  vtBtble  radiation  only)  and  about  11/2  - 
2  times  between  early  July  and  the  middle  of  August  in  the  Tomsk  area  (data 
for  visible  radiat  on  only).  As  shown  by  Table  8  the  reflectance  percentages  in 
late  summer  and  fall  vary  between  11/2  and  5  %  in  the  blue,  3  and  8  %  in  the 
green,  2>/2  and  f.  %  in  the  red,  and  35  and  40  %  in  the  inf  rare .  portion  of  the 
spectrum.  The  snape  of  the  reflectance  curves  remains  more  or  less  unchanged 


(see  Diags.  4  (N  >rway  spruce)  and  6  (spruce)  ),  except  for  ptne,  where  until  fail 
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Table  9  Seasonal  changes  of  the  reflectance  ($)  of  1  to  2  years 

- — —  old  needles  of  some  coniferous  trees  for  selected  spectral 

intervals  (based  on  data  reported  in  ALEKVA60SBP, 
ARCYES530SD  and  BBL0SV59AFL) 

SRC  =  Spectral  reflectance  curve 

*  =  Data  inconplste  for  the  spectral  interval  specified 


1'vov  area 


Spectral 
region  Scotch 
(mp)  pine 


Leningrad 

area 

Tomsk  area 

Scotch 

pine 

Norway 

spruce 

Scotch 

pine 

Siberian 

fir 

Siberian 

stone 

pine 

Early  s  "  m  m  e  r 


Date  VI-8 
SRC  no.  2.1 


Blue  5.4*  4.6* 

(40C-490) 

Green  7.6  6.8 

(510-590) 

Red  6.3  6.2 

(610-690) 

Infrared  33.0  29.3 

(710-890) 


VI-22  VI-22 
7.1 


Middle  of  summer 


VII-:  VII-5  VII-5 


Re 

Infrared  I  25.1 


Late  summer  or  fall 


7.3 


L 

ate 

4  12 

IX-29 

3.3 

48.1 

5.3 

2.8* 

1 .2* 

4.4 

2.8 

3-3 

2  •  6 

18.7 

20.7 
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the  flat  patt  of  the  curve  mentioned  above  disappears  ana  Is  replaced  07  the 
characteristic  pronounced  minimum  around  675  myu. 

3,  A  constar.i.  decrease  of  reflectance  from  summer  to  fall  can  also  be 
observed  for  old  needles  to  *1  years  old),  although  the  change  Is,  In  general, 
somewhat  smaller  than  for  young  needles  (see  Table  9  and  Dlags.  2,3,5  and  7). 

For  the  same  time  interval  as  above  it  amounts  to  !*/ 2  -  2  times  (from  l*/2  - 
4  %  to  1  -  2  %)  in  the  Leningrad  area  and  to  1.1  -  2  times  (from  2  -  12  9c 

to  2  -  7  %)  In  the  Tomsk  area.  In  the  L'vov  area  the  decrease  is  with  11/2  to 

4  times  rather  higher  than  foi  y  <ung  needles.  A  possible  explanation  for  this 
phenomenon  may  be  the  following: 

If  one  looks  at  the  data  obtained  in  the  Leningrad  area  in  Tabic  9  one 

sees  that  the  reflectance  of  old  needles  is  more  intensive  in  early  July  than  in 

the  second  half  ">f  June.  It  seems  that  old  needles  are  first  relatively  dark, 
then  become  brighter  and  reach  a  reflectance  maxima  somewhere  in  the  first 
half  of  the  growing  season  before  the  decrease  mentioned  above  begins.  It  is 
possible  tnai  the  data  obtained  in  early  June  in  the  L'vov  area,  where  the  grow¬ 
ing  season  starts  about  25  days  earlier  than  at  Leningrad,  fall  in  this  period  of 
maximum  reflectance.  As  far  as  the  Tomsk  data  are  concerred,  no  conclusions 
with  respect  to  a  reflectance  maximum  car  be  drawn.  Particular  phenological 
stages  there  occur  at  about  the  same  time  as  around  Leningrad,  and  the  first 
measurements  were  taken  only  in  early  July. 

4.  There  is  a  contrast  between  young  and  old  needles  througnout  the  .'  hole 

growing  season,  young  needles  being  consistently  brighter  (see  comparison  01 

young  and  old  spruce  needles  in  Dtag.  13).  The  drop  in  reflectance  associated 

with  the  increasing  age  of  needles  must,  to  some  extent,  be  a  function  of  the 

14)  „ 

chlorophyll  content.  V.  N.  Ljubimenko  ’  found  11.9  V  and  20  9i  chlorophyll  in 
young  spruce  and  pine  needles,  respectively,  but  -^2.5  97-  and  30.5  9c,  respectively, 
in  two  year-old  needles. 

Sources:  ALEKVA60SDP,  ARC  YES580SD,  BE  LOSV59AFL. 


3.1.3  Reflectance  as  a  function  of  tree  age 

According  to  V.  A.  Alekseev  and  S.V.  Belov,  reflectance  tends  to  decrease 
with  increasing  tree  age.  In  Dtag.  10  measurements  taken  from  the  air  over  two 
stands  of  Scotch  pine,  one  30  years,  the  other  110  years  old,  are  compared 
These  are  the  data  on  which  Alekseev  and  Belov  based  their  conclusion.  This 
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comparison  shows,  however,  that,  except  for  the  infrared  part,  the  reflectance 
from  the  older  stand  is  not  lower.  To  some  extent,  this  may  oe  due  to  in¬ 
accuracies  in  the  original  drawings,  but  a  difference  between  young  and  cld 
stands,  if  at  all  present,  in  any  case  cannot  be  very  great. 

Source:  ALEKVA60SDP. 

3.1.4  Reflectai.ce  as  a  function  of  the  exposure  of  leaves  and  needles 

The  reluctance  of  the  surface  of  leaves  and  needles  depends  very  much 
on  the  exposure  of  the  surface  in  question,  i.  e.,  on  the  amount  of  light  falling 
cn  It.  It  can  be  observed  that  leaves  arid  needles  grown  under  conditions  of  low 
illuminance  reflect  heavily  and  vice  versa.  Consequently,  there  is  a  contrast 
between  the  upper  and  lower  side  of  leaves  (see  examples  in  Diags.  22  and  23), 
between  leaves  and  needles  growing  Ir,  the  upper  and  those  growing  in  the  lower 
part  of  crowns  (Diags.  8  and  24),  between  leaves  and  needles  growing  on  the 
southern  and  those  growing  on  the  northern  side  of  crowns  (Dlag.  12)  and  between 
leaves  and  needles  from  overstory  and  understory  trees  (Diag.  9).  Results  ob¬ 
tained  by  S.  V.  Belov  et.  al.  are  summarized  in  Table  10.  The  ratio  of  visible 
light  reflectances  between  "shadow"  ^r.d  "light"  leaf  or  needle  surfaces  Is  about 
4  for  willow,  3  for  aspen,  2  for  birch  and  1.5  for  coniferous  species.  In  the 
infrared  zone  the  contrast  Is  smaller  and  amounts  to  1.2  :  1  for  willow.  For 
the  other  species  no  infrared  data  have  been  reported. 

It  seems  that  no  significant  change  of  color  is  associated  with  the  change 
of  general  reflectance,  except  perhaps  for  the  lower  side  of  leaves  for  which 
spectral  curves  have  some  tendency  to  lose  the  clear  absorption  maximum  in 
the  red  spectral  region  (see  Dlag.  22). 

That  "shadow"  and  "light"  surfaces  of  leaves  and  needles  behave  dif¬ 
ferently  with  respect  to  reflectance  can  be  explained  by  differenes  in  anatomical 

structure  and  content  of  chiorcplasis,  as  illustrated  by  Fig.  J4.  It  was  observed 

14 

experimentally  by  Ljubinienko  that,  with  an  increase  in  illuminance,  the  con¬ 
tent  of  chlorophyll  decreases,  wnereas  the  content  of  carotine  and  xantophyll  in- 

15 

creases  absolutely  or  relatively  (see  data  ‘n  Table  11).  N.A.  Bajdalina  In¬ 
vestigated  the  anatomical  and  physiologies)  properties  of  young  sprue }  trees  grow¬ 
ing  under  various  conditions  of  illumination.  She  found  that  "shadow"  needles  were 
thinner  and  had  less  chlorophyll  by  a  factor  of  2  to  2.5.  The  fact  that  differences 
between  reflection  from  "light"  and  "shadow"  surfaces  are  smaller  in  the  infrared 
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Table  10  Reflectance  (Jt)  of  "light"  (!)  and  "ehadow"  (S)  surfaces 

-  of  various  leaves  and  needles  (based  on  data  reported  in 

ALEXVA60SDP,  ARCYES580SD,  BEL05V59AFL  and  KH4RN060AIT) 


8P.C  •=  Spectxal  reflectance  curve 

*  =  Data  incomplete  for  epectral  interval  specified 


Species 

Viaible  regie?) 
(400-690  n)i ) 

„  — 
Infrared  region 

(710-690  ) 

SRC  no. 

(Location,  Date) 

L 

* 

S  jllitio 
*  j  S/L 

L 

f. 

S 

% 

Ratio 

S/L 

Upper  and  lover  aide 

s  of  leaves 

Brittle  willow 
(L’vov,IX-16) 

5.0* 

20.4* 

4.1 

48.4 

57.8 

1.2 

Europ.  white  birch 
( Leningrad , 

VI 1-12) 

4.4* 

9.1* 

2.1 

Aspen 

( Leningrad , IX-9 ) 

3.7* 

12.6* 

3.4 

- 

- 

Fubescent  birch 
(Arkhangelsk, 
VfI-6) 

6.4* 

13.3* 

2.1 

22.1/22.2 

Aspen  (Arkhan- 
|  gelsk, VIII-20) 

h.8* 

19.0* 

2.8 

47.4* 

60.6* 

1.3 

23.2/23.3 

Leaves  and  nsedi.es  from  upper  and 

Iowa* 

part  of  crowns  i 

Spruce 

( Leningrad , IX-9 ) 

1.6* 

2.3* 

1.4 

_ 

8. 1/3. 2 

Europ.  whits  birch 
( Leningrad , IX-9 ) 

2.7* 

4.8* 

1.0 

- 

- 

- 

24.1/24.2 

Needles  from 

southern  and  northern  part  of  crowns 

1 

Scotch  pine 
(Arkhangelsk, 
VIII-9) 

7.0 

10.5 

1.3 

12.2/12.1 

Needles 

from  overstory  and  underetory  tr?es 

Spruce  ( Arkhan¬ 
gelsk  .VII-10/ 12) 

3.2* 

|  4.2* 

1.3 

— 

T  ~ 

i  ~ 

- 

—  . . . - 

9. 2/9.1 
— 
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Fig.  34 

Cross  sections  through  a 
"light"  leaf  (a)  and  a 
"shadow"  leaf  (b)  of  Norway 
maple,  showing  the  diffe¬ 
rence  in  anatomical  struc¬ 
ture  and  chlorophyll  con¬ 
tent  (after  V.  Ljubtmenko 
and  Forsh,  from 
BE  LOSV59AFL). 


Table  11  Relative  quantities  of  ohloroplasts  in  plant  cells  as  a 

- -  function  of  illuminance  (after  V.N.  LJutimenko ,  from 

BEIOSV57IOS) 

Chi  »  Chlorophyll  Car  «  Carotine  Xan  *  Xantophyll 


Illuminance 

Pine 

Spruce 

Chi 

Car 

Xan 

Chi 

Car 

Xan 

Diffuse  day  light 

100 

100 

100 

100 

100 

100 

Incident  light  veakend 
by  1  sheet  of  paper 

85.4 

63.7 

137.8 

102,5 

106.6 

106.3 

id.,  2  sheets 

72.0 

59.9 

127.4 

98.3 

97.3 

93,3 

id.,  3  sheets 

63.8 

55.1 

104.3 

- 

- 

- 

id. ,  4  sheets 

56.6 

46.7 

104.0 

76.  C 

73.4 

73.2 

. ,  5  sheets 

47.1 

41.9 

38.5 

- 

- 

- 

id«  t  flhoots 

46.7 

39.7 

77.7 

67.3 

65.2 

70.0 

Darknoss 

25.0 

12.5 

46.8 

45.5 

55.9 

60.8 

part  of  the  spectrum  demonstrates  that,  since  chlorophyll  is  very  much  trans¬ 
parent  to  Infrared  radiation  and  does  not  affect  its  reflection,  this  small  ciicnge 
is  caused  by  the  difference  in  structure  of  plant  ttssues.  The  larger  contrast 
within  ihe  visible  spectral  region  must  then  be  due  mainly  to  the  change  in 
chlorophyll  content. 
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Some  idea  about  the  difference  of  illuminance  on  "light"  and  "shadow" 
leaf  surfaces  may  be  obtained  from  Dlag.  22.  Here  Curve  22.2  represents  the 
reflectance  of  the  lower  side  of  birch  leaves  when  exposed  to  the  same  amount 
of  light  as  falls  on  the  upper  surface  (Curve  22.1).  Curve  22.3  shows  the  in¬ 
tensities  of  the  light  reflected  from  the  lower  surface  recorded  under  simulated 
natural  conditions,  i.e.,  when  this  surface  is  in  the  shadow.  Please  note  that 
values  outside  the  500  -  550  m yu  range  were  too  low  to  be  shown  in  the  plot. 
From  a  comparison  of  Curves  2  and  3  it  can  be  concluded  that  the  ratio  bet¬ 
ween  the  light  incident  on  the  upper  side  and  that  falling  on  the  lower  side  is 
about  15. 

The  difference  in  the  reflective  power  of  upper  and  lower  sides  of  leaves 
may  have  a  practical  importance  for  air  photography,  when,  with  windy  weather, 
many  lower  surfaces  are  being  exposed.  It  5s  well  known  that  wind  will  especially 
disturb  leaves  vitl»  long  petioles,  sutn  as  ves  of  aspen. 

Source:  ALEKV  MOSDP,  AHCYEM580SD,  BKLOSV„9AFL,  BELOSV57IOS, 

KHARNG60  AIT . 

3  1.5  Reflectance  as  a  function  of  site  conditions 

Site  conditions  influence  the  , ..etabolism  of  plants  and  the  anatomical 
structure  of  leaves  and  needles,  and  tnis  ac.  ixn  bives  rise  to  a  change  in  re¬ 
flectance.  N.  G.Kharin  made  a  systematic  study  of  "Ms  'nfiuence  in  the  Leningrad 
area.  He  collected  :e?  ~j  and  needles  from  the  uppe*  parts  of  crow.  s  between 
June  20  and  July  i.  At  s  time,  birches  and  aspens  had  jus  reached  full  leaf 
development,  but  the  1-  eves  ^re  still  light-green.  Pine  and  spruce  needles 
wera  1  to  2  years  old.  The  .  mults  of  his  reflectance  measurements  are 
summarized  in  Table  12  and  l  apresentative  spectral  curves  are  presented  in 
Dtags.  14  and  15. 

From  the.3e  data  i  cm;  be  concluded  that  a  d  .  ter  1  oration  of  site  condi¬ 
tions  gives  rise  to  a"  mc^ease  in  reflectance.  Fiom  one  site  class  to  the  next 
this  increase  may  vary  between  7*/2  and  20  % . 

As  far  as  the  spectral  distribution  of  lellected  light  Is  concerned,  there 
is  a  tendency  for  the  green  maximum  to  sh’fter'  from  550  to  570  m  yu  with  a 
deterioration  of  site  (see  Diags.  14  and  lbi.  ai  w’.oio,  however,  the  shape 
of  the  spectral  curves  and,  consequen  ly  he  cour  remain  very  much  the  same. 

Similar  observations  by  N.G.Kha  in  in  th  uh  angelsk  area  confirmed 
he  Vmve  findings. 
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Table  12  The  dependence  of  'visible  light  reflectance  of  lea  vat,  and 

— -  needles  on  site  conditions  (based  on  data  collected  by 

N.O.  Kharin  in  the  Leningrad  area,  reported  in  B2L0SV59AP1) 
SRC  =  Spectral  reflectance  curve  _ 


Sits 

class 

Type  cf  forest 

Visible  light ( 450-690  mji) 
reflectance  in  % 

(SRC  no.  in  parentheses) 

— 

Spruce 

Pine 

Birch 

Aspen 

|  V 

Hlghbog  pine  forest 

Highbog  birch  forest 

6.4 

(14.1) 

11.7 

(15.1) 

IV 

Haircap-aoss  spruce  foraBt 

5.8 

in 

Bilberry  spruce  forest 
Bilberry  pine  foreet 

Bilberry  birch  forest 

Bilberry  aspen  forost 

4.1 

5.5 

(14.2) 

9.7 

(15.2) 

8.2 

ii 

Wood-sorrel  spruce  forest 
Wood-sorrel  pine  forest 

3.5 

4-7 

(14.3) 

i-ii 

Wood-eorrel  birch  forest 

9.0 

(15.3) 

1 

’food-sorrel  aspen  forest 

1 

7.1 

In  Table  13  some  airborne  measurements  taken  by  S.  V.  Belov  et.  al.  in 
the  Tomsk  area  over  pine  stands  of  different  siie  classes  are  compared.  Again 
there  is  an  Increase  of  reflectance  with  deteriorating  site  in  the  visible  part  of 
the  spectrum.  At  tne  same  time,  the  data  obtained  in  the  infrared  seem  to  in¬ 
dicate  that  there  is  only  a  smaller  increase  or  w  decrease  of  remission. 
With  this  small  number  of  measurements  "  rel’ able  -oncluoion  c;innot  be  drawn, 
however. 


Sources:  BELOSV59AFL,  KHARNG60ATT 
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Table  1 }  The  dependence  of  reflectance  of  pine  stands  on  site 

-  conditions  (baaed  on  airborne  measurements  in  the  Tomsk 

area,  Sept.  12-15 ,  reported  in  BELQSV59AFL) 


Site 

class 

Reflectance  in  % 

Type  of  forest 

Visible  region 
(55O  -  690  mp) 

Infrared  region 
(710  -  790  mp) 

Va 

Ledun-hlghbog  pine  forest 
(plot  5  in  Table  5) 

5.4 

31.8 

IV 

Heather  pine  forest 
(plot  2  in  Table  5) 

4.9 

34.1 

III 

Cowberry-bilberry  pine 
forest (plot  1  in  Table  5) 

3.6 

24.8 

3.1.6  Reflectance  as  a  function  of  climatic  conditions 

According  to  G.A.Tikhov  (in  TKHGA49aBO  and  TIKHGA51RRW),  plants 
growing  in  cold  climates  have,  in  general,  a  lower  reflectance  than  those  grow¬ 
ing  in  warm  climates.  The  reason  is  that,  in  a  cold  climate,  plants  need  more 
solar  energy  in  order  to  survive  and  thus  absorb  more  radiation.  M.  P.  Ostjakov 
(in  OSTJMP49SSR)  found  that  spruces  growing  at  an  altitude  of  2200  m  reflected 
less  than  spruces  at  an  altitude  of  1500  m.  The  notion  of  the  decreasing  re¬ 
flectance  as  a  function  of  decreasing  temperature  should  not  be  generalized  too 
much,  however.  Plants  living  in  a  cold  environment  often  have  on  their  surface 
protective  devices,  such  as  a  layer  o?  hair,  which  in  turn  may  give  rise  to  a 
higher  reflectance  again.  Reliable  conclusions  as  to  the  dependence  of  reflectance 
on  temperature  can  only  be  drawn  from  a  comparison  of  identical  or  similar 
species  as  Ostjakov  has  done.  Furthermore,  such  a  comparison  should  ta’te  the 
phenology  of  plants  into  account. 

We  can  make  an  attempt  at  comparing  the  reflectance  data  in  Table  9, 
where  results  obtained  in  the  L'vov,  Leningrad  and  Tomsk  areas,  respectively, 
are  summarized.  Mean  July  temperatures  are  about  19°  C  at  L'vcv,  16°  C  at 
Leningrad  and  18°  C  at  Tomsk.  If,  based  on  the  phenologtcal  maps  published  In 
the  "Atlas  SSSR"  (see  Introduction),  we  assume  that  the  phenologlcal  development 
in  the  Tomsk  area  occurs  approximately  parallel  to  that  in  the  Leningrad  area, 
and  that  corresponding  stages  in  the  L'vov  area  are  reached  about  20  -  25  days 
earlier,  we  can  compare  the  early  summer  data  of  L'vov  with  the  midsummer 
data  of  Leningrad  and  Tomsk. 

In  doing  this  we  find  that  the  reflectance  of  Scotch  pine  needles  at  Tomsk 
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Is  o£  about  the  same  order  of  magnitude  as  that  at  L’vov,  and  that  In  both  the 
L'vov  and  Tomsk  areas  the  reflectance  of  pine  and  spruce  needles  Is  1.5  to  2 
times  higner  than  at  Leningrad.  It  seems  also  that  the  Increase  Is  higher  In  the 
blue  and  rod  spectral  regions,  i.e.,  in  the  chlorophyll  absorption  bands,  than  In 
the  green  part  of  the  spectrum.  This,  however,  contradicts  a  statement  made 
by  Ostjakov  that  the  difference  is  most  pronounced  at  540  n yu. 

Sources:  BELOSV59AFL,  VINGAI55IRP. 

3.1.7  Influence  of  crown  and  stand  structure  on  reflectance 

While  reflectance  measurements  taken  on  single  plant  elements,  such  as 
leaves  or  needles,  on  the  ground  are  valuable  from  the  point  of  view  of  a 
systematic  analytical  investigation  of  the  laws  of  reflection  of  radiation,  they 
may  lead  to  faulty  conclusions  when  used  directly  to  predict  tons  on  air  photo¬ 
graphs.  This  is  so  because  from  the  air  one  sees  not  only  the  leaf  surfaces, 
but  also  branches,  shadows,  parts  of  the  soil  shining  through,  etc.  Furthermore, 
leaves  are  oriented  at  various  angles  to  the  incident  radiation  and  the  direction 
of  observation.  Therefore,  in  order  to  have  a  reliably  predictive  value  for  aerial 
photography,  the  reflectance  of  whole  trees  or  forest  stands  should  be  measured 
from  vantage  points. 

V. A.AlekseeV;  E.S.  Arcybashev  and  S.V. Belov,  in  a  series  of  measure¬ 
ments  carried  out  in  various  regions  of  the  USSR,  took  spectral  recordings  of 
either  whole  crowns  from  a  tower  (see  section  1.6.2)  or  of  whole  stands  from 
a  plane.  The  crown  data  were  collected  for  the  specific  pu-  pose  of  comparing 
them  with  parallel  measurements  taken  on  leaves  and  needles.  In  the  case  of  the 
airborne  measurements  such  a  direct  comparison  was  not  intended.  We  shall 
nevertheless  try  in  the  following  to  confront  these  with  ground  data  which  are 
approximately  comparable  in  terms  of  phenology,  site  quality,  etc.  It  should  be 
noted,  however,  that  the  conclusions  drawn  in  the  latter  cmo  are  less  reliable. 

Table  14  compares  average  percentage  reflectances  n*  the  blue,  green, 
red  and  infrared  spectral  zones.  As  examples  for  the  change  in  spectral  re¬ 
flectance  from  needles  or  leaves  to  whole  crowns  we  have  selected  data  for 
Scotch  pine  (Diag.  11)  and  aspen  (Diag.  23). 

For  a  comparison  of  crown  with  needle  or  leaf  data  the  analysis  of  the 
measurements  permits  the  following  generalizing  statement:  The  reflectance  of 
crowns  of  coniferous  trees  (excluding  larch)  amounts  to  about  75  %  of  the  re- 
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Table  14  Influence  of  tree  and  stand  structure  on  reflectance: 

- — —  Comparison  of  ground,  tower  and  airborne  measurements 

(based  on  data  reported  in  ALEKVA60SDP  and  BELQSV59APD) 
*  *  Data  inconplete  for  spectral  interval  specified 

SRC  -  Spectral  reflectance  curve 


Object 

SRC  no. 

Reflectance  in  % 

Spectral  region  | 

Date 

Qreen  j 

Red 

Infrared 

13-L.Ue 

I  1  V  0  V 

area 

Wavelength  (v)  1 

550-590 

610-690 

730-890 

Scotch  pine,  young 
shoots  with  needles 

VI I -16 

8.6 

7.0 

41.6 

id.,  old  shoots  with 
needles 

2.3 

VI 1-16 

5-5 

4.1 

25.1 

id.,  stand  (plot  1 
in  Table  6) 

10.1 

VI I -11 

3.5 

1.9 

24.3* 

id. ,  stand  (plot  5 
in  Table  6) 

10.2 

VII-11 

3.7 

2.1 

22.9* 

European  white 
birch,  leaves 

VII-31 

10.3 

9.2 

51.7 

id.,  staid  (plot  3 
in  Table  6) 

23.2 

VII-11 

3.8 

2.4 

46.4* 

Beech,  leaves 

1C.1 

VI 1-16 

17.8 

7.9 

76.0 

id.,  stand  (plot  6 
in  Table  6) 

29.2 

vii-u 

6.3 

3.8 

4e.7* 

1 

e  a  i  n  g  1 

a  d  a 

r  e  a 

[Wavelength  (mp) 

450-490 

510-590 

610-670 

Scotch  pine,  young 
shoots  with  needles 

VI-22 

6.9 

12.1 

12.0 

id. , 

old  shooce 

VI-22 

3.1 

3.7 

2.9 

id.,  stand  (pio*.  1 
in  Table  4) 

58.1 

VI-24 

2.1 

3.6 

2.3 

Norway  spruce,  young 
shoots  with  needles 

6.1 

VI-22 

4.4 

13.2 

8.4 

id. , 

old  shoots 

7.1 

Vl-22 

1.6 

3.7 

2  7 

id. , 
in 

stand  (p3ot  2 
Table  4) 

58.3 

VI -2  4 

1.2 

1.7 

1.4 

European  white 
birch,  leaves 

VI-21 

3.9 

10.9 

6.6 

id. , 
in 

stand  (plot  3 
Table  4) 

58.2 

VI-24 

2.0 

3.7 

2.2 

Table  14  (Continued) 


Object 


Spectral  region 


Wavelength  (mjx) 

Scotch  pine,  young 
shoots  with  needles 

Id., 

old  ohoots 
id., 

whole  crown 

id.,  stand  (plot  1 
in  Table  5) 

Siberian  spruce, 
young  shoots 

id., 

old  shoots 
id., 

whole  crown 

Siberian  fir, 
young  shoots 

id.,  old  shoots 

*  •  » 

whol?  crown 

id.,  stand  (plot  4 
in  Table  5) 

Siberian  stone  pine, 
young  shoots 

id.,  old  shcots 

I 

lid.. 

!  whole  crown 

i 

Pubescent  birvh, 
leaves 

id. , 

whole  cr-"-". 

Aspen,  leavoe 

id., 

whole  crown 


3R0  no. 

Reflectance  in  % 

Pate 

Blue 

Qreen 

Red 

Infrared 

Tomsk  area 


400-490  510-590  610-690  710-790 

LI. 3 

tII-5/7  6.9  10.4  10.6  55.8 

11.2 

III— 3/7  3.3  7.3  6.6  46.? 

L. 1,53. 2 

III— 3/7  2.4  5.0  5.0  41.6 

IX-9  5.0*  2.7  24.8 

LII-4/11  2.7  6.4  5.8  52.3 

I 

LII-4/11  2.5  5.4  4.9  45.6 

53.1 

LII-4/11  2.1  4.2  3.5  37.2 


400-490 

11.3 

VIII-3/7 

6.9 

11.2 

VIII-3/7 

3.3 

11.1,53.2 

VIII-3/7 

2.4 

IX-9 

VIII-4/11 

2.7 

VIII-4/11 

2.5 

53.1 

VIII-4/11 

2.1 

VIII-7/13 

3.0 

VII 1-7/13 

2.4 

44.1 

VIII-7/13 

2.0 

IX-14 

ViII-3/7 

4.6 

VIII-3/7 

3-6 

44.2 

VIII-3/'’ 

2.3 

VIII-7 

5.4 

53.3 

VIII-7 

3-9 

VIII-7/12 

5.1 

44.3 

VIII-7/12 

2.0  3.8  4,2  40.4 

2.8*  1.9  24.1 


[:  yj 


Object 


pectral  region 


SRC  no. 
~  Date 


Reflectance  in  ^ 


Blue  I  Green  I  Red  Infrared 


Arkhangelsk  area 


[rfavelength  (k>i) 

Norway  epruoe, 
young  ahoote  VII-3 

id.,  old  shoots  m-3 

id.(  43.1 

whole  crown  VII-3 

No-way  spruce, 
young  shoots  VII-7 

id„, 

old  shoots  VII-7 

id.,  45.1 

whole  crown  VII-7 

Siberian  larch,  new 
and  one  year  old 
shoots  VIII-14 

id.,  43.2 

whole  crown  VIII-20 

Aspen,  23.2 

leaves  VIII-20 

id.,  23.3,43.3 

whole  crown  VIII-20 

Pubescent  birch, 
leaves  VII-6 

id.,  45.3 

whole  crown  VII-6 


430-490 ]"510-590  1 610-690  [710-790 


flectance  of  old  shoots  with  needles  and  to  about  50  %  of  that  of  young  shoots  In 
the  visible  part  of  the  spgctrum.  For  the  Infrared  region  the  corresponding 
figures  are  about  90  %  and  75  %,  respectively.  Crowns  of  deciduous  trees,  in¬ 
cluding  larch,  reflect  about  50  %  of  the  visible  light  returned  by  single  leaves 
or  shoots  with  needles.  In  the  infrared  larch  crowns  reflect  about  50  ^  and 
crowns  of  deciduous  hardwood  trees  about  75  %,  compared  wtth  the  needle  and 
leaf  data.  These  are  rather  crude  figures,  however,  and  there  may  be  large 
variations  from  one  species  to  another.  For  coniferous  trees  the  reflectance  of 
crowns  will  also  vary  for  one  species  according  to  the  phonological  aspect,  l.e., 
to  the  ratio  between  the  amount  of  young  and  that  of  old  needle*.  In  almost  all 
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cases,  the  reflectance  of  whole  crowns  is  considerably  lower  at  all  wavelengths 
than*  that  of  foliage  measured  separately.  Thii  is  mainly  the  effect  of  shadows 
present  within  the  crowns.  The  above  results  show  that  there  is  some  shift  of 
the  ratio  between  the  reflection  of  visible,  light  and  that  of  infrared  radiation 
when  going  from  the  needle  and  leaf  data  to  the  crown  data.  Within  the  visible 
spectrum  there  is  p<~  significant  change  of  color,  although  the  spectral  re¬ 
flectance  urves  of  crowns  (see  11.1  and  23.1)  show  some  tendency  to  be  flatter 
in  the  red  region,  i.  e. ,  to  havo  a  less  pronounced  reflectance  minimum,  and 
to  start  the  typical  upswing  ?.t  the  upper  end  of  the  visible  region  earlier.  This 
may  be  due  to  a  certain  Iriluence  of  branch  and  perhaps  even  soil  surfaces 
shining  through  the  foliage.  The  data  are  not  sufficiently  numerous,  however,  to 
decide  whether  or  not  this  is  a  consistent  trend. 

The  reflectance  of  whole  stands  is  still  lower,  because  here  not  only  the 
shadows  in  the  crowns  themselves  but  also  shadow  areas  between  the  individual 
trees  have  an  influence.  Stands  of  coniferous  trees  as  a  whole  reflect  40  -  60  % 
of  the  amour!  of  visible  light  returned  by  old  shoots  and  20  -  40  %  compared 
with  young  shoots.  For  hardwood  stands  the  corresponding  figure  amounts  to 
30  -  50  %.  In  both  cases  the  loss  of  infrared  reflectance  is  somewhat  smaller. 

There  is  some  indication  that  the  blue  component  In  the  color  of  whole 
stands  seen  from  the  air  becomes  stronger  than  that  in  the  actual  foliage  color 
as  also  Illustrated  by  Diag.  40,  where  the  spectral  reflectances  of  a  stand  of 
spruce  when  measured  on  the  ground  (In  a  more  or  less  horizontal  direction) 
and  irom  the  air  as  reported  by  E.L.  Krinov  (KRINE L4750S,  English  translation: 
KRINE LP3SRP)  are  compared  with  each  other.  The  relative  increase  of  reflec¬ 
tion  intensity  in  the  blue  region  is  obvtouolv  caused  by  the  shadows  present 
within  the  forest  stana  and  by  some  intervening  haze  light. 

Changes  of  contrast  \?tween  species  when  going  from  the  foliage  to  the 
crown  and  stand  data  will  do  discussed  in  section  3.1.11  -  13. 

Sources:  AL2KVA60SDP,  ARC YES580SD,  BE  LOSV59AF L. 

3.1.8  Angular  dependence  of  reflection  of  forest  elands 

We  have  already  seen  in  the  previous  section  that  the  reflectance  of  forest 
stands  is  very  much  governed  by  their  structure.  It  is  also  clear  that  such  rough 
surfaces  do  not  have  orthotrogical  properties.  This  means  that  the  same  stand 
will  look  brighter  or  darker  depending  on  the  angle  of  observation. 
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V. A. Alekseev,  E.S.  Arcybashev  and  S. V. Belov  have  Investigated  this 
angular  dependence  of  reflectance  by  taking  airborne  measurements  with  aerial 
spectrographs  (see  section  1.4.1)  and  by  comparing  data  obtained  for  the  nadir 
direction  with  recordings  at  oblique  directions,  whereby  the  tilt  of  the  spectro¬ 
graph  was  25  or  30°.  These  oblique  measurements  were  at  the  following  direc¬ 
tions:  1.  Away  from  the  sun;  2.  against  the  sun  and  3.  in  a  plane  perpendicular 
to  the  cast  shadow  direction.  The  results  are  summarized  seperately  for  the 
visible  and  the  infrared  spectral  region,  respectively,  in  Table  15.  A  selection 
of  corresponding  spectral  reflectance  curves  is  presented  in  Diags. :  25  -  30. 

An  analysis  of  these  results  leads,  in  conjunction  with  the  description  of 
measured  stands  In  Tables  4  -  6,  to  the  following  conclusions: 

1.  The  degree  to  which  reflectance  depends  on  tne  angle  is  governed 
primarily  by  the  shape  of  the  tree  crowns  (pointed,  flat-topped,  etc.),  the  sur¬ 
face  of  the  crown  canopy  (flat,  irregular)  and  the  degree  of  crown  closure. 

Pointed  crowns  give  rise  to  a  sharp  contrast  between  illuminated  and  shady  sides, 
whereas  with  flat-topped  crowns  this  contrast  is  smaller  and  the  transition  more 
gradual. 

A  crown  canopy  with  an  irregular  upper  surface  (varying  tree  heights) 
produces  a  mosaic  of  lights  and  shadows,  so  that  a  stand  has  a  tendency  to  look 
relatively  dark  when  seen  vertically  from  above  or  from  a  position  opposite  to 
the  sun.  On  the  other  hand,  a  flat  regular  canopy  will  produce  lesser  differences 
betwtdi  v?  ious  directions  of  observation. 

Si:"  liar ly,  in  a  forest  stand  with  a  relatively  low  crown  closure,  heavily 
shaded  interspaces  will  exist  between  trees.  In  this  case  the  reflectance  vertically 
-^wards  will  be  clearly  tha  lowest,  at  least  with  a  relatively  high  solar  altitude, 
since  these  shadow  areas,  being  on  the  ground,  will  be  obscured  for  oblique 
angles  of  observation.  Forest  stands  with  flattopped  tree  crowns,  a  regular  flat 
crov  n  canopy  and  a  high  crown  closure  will  have  the  closest  approximation  to 
an  orthotropica)  reflection  pattern. 

2.  The  sun's  altitude,  of  course,  r.lsc  has  an  'nflucnce.  With  low  sun 
contrasts  between  different  angles  of  observation  #111  increase  As  an  example, 
see  the  data  of  the  Tomsk  area  In  Table  15.  Here,  although  all  stands  have  re¬ 
latively  low  crown  closures,  the  lowest  values  were  recorded  for  Ihe  oblique  ob¬ 
servations  against  the  sun,  not  for  the  vertical  ones. 

3.  A  forest  stand  always  looks  brightest  when  seen  In  a  direction  parallel 
or  similar  to  that  of  the  Incident  light,  i.e.  with  the  sun  behind  the  observer, 
because  then  the  illuminated  parts  of  trees  dominate. 
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The  data  observed  at  oblique  angles  In  a  plane  perpendicular  to  the 
shadow  direction  are  similar  to  those  obtained  for  the  vertical  reflection,  pro¬ 
vided  that  the  crown  closure  is  relatively  high.  In  both  cases  illuminated  and 
3hady  parts  of  crowns  are  seen  in  about  the  same  proportion.  It  is  for  this 
reason  that  the  respective  data  have  not  been  reported  in  detail  by  the  Russian 
authors  in  the  case  of  the  L'vov  area  observations.  For  a  low  crown  closure, 
however,  tne  oblique  transverse  reflection  values  will  usually  exceed  the  vertical 
ones. 

Each  type  of  forest  may  have  Its  specific  properties  with  respect  to  the 
angular  reflectance  pattern.  The  following  remarks  refer  primarily  to  the  re¬ 
flectance  of  visible  light. 

Pines  have  relatively  round  crown  tops  so  that  the  contrasts  between  the 
different  angles  of  observation  tend  to  be  rather  low  (see  2  i  6  in  Table 
15).  With  high  crown  closure  (nc.  2)  the'  vertical  data  are  higher  than  the  against- 
the-sun  data.  The  opposite  is  true  for  a  relatively  low  crov.  .  closure  (no.  6) 

(see  also  Diag.  26).  For  pine  stand  no.  1  the  angular  dependence  of  reflectance 
is  more  pronounced,  since  it  is,  in  contrast  to  no.  2,  a  stand  of  young  trees 
with  more  pointed  crowns  and  more  irregular  heights  (see  also  spectral  curves 
in  Diag.  25),  Stands  nos.  9-11  have  a  low  crown  closure.  Consequently,  the 
values  obtained  for  the  nodi*’  direction  tend  to  be  low.  The  against  the  sun  values 
are  still  lower,  however,  which,  as  already  mentioned  above,  may  be  explained 
by  the  relatively  low  altitude  of  the  sun.  ^ 

The  crown  shape  of  birches  is  similar  to  that  of  pines.  T.  ir  stands  are 
usually  of  the  two  story  type  and  the  crown  canopy  is  irregular.  Nevertheless, 
the  shadow  areas  between  the  upper  crowns  and  the  shaded  crown  parts  do  not 
have  a  very  heavy  influence,  since  birch  crowns  are  relatively  transparent  and 
shadows  thus  relatively  weak  (see  nos.  3  and  7  in  Tabic  15  and  Diag.  28). 

The  rather  flat  tops  of  beeches  cause  the  shaded  crown  parts  to  be  small. 
Therefore,  the  shadow  Interspaces  between  trees  have  a  greater  influence,  even 
with  a  high  crown  closure,  and  the  reflectance  vertically  upwards  is  the  lowest 
(no.  4  in  Table  15,  Diag.  29). 

The  aspen  stand  investigated  in  the  Listno  area  (no.  8)  had  an  irregular 
crown  canopy  and  a  relatively  low  crown  closure  As  a  result,  the  vertical  value 
is  lower  than  the  agalnst-the-sun  value.  Spectral  curves  are  shown  in  Diag.  30. 

Firs  and  tpruces  have  pointed  crowns,  which  leads,  even  with  a  high 
crown  closure,  to  a  heavier  contrast  between  away-from-the-sun  and  agalnst-the- 
sun  observations  than  for  other  species  (see  no.  12  in  Table  15  end  spectral 
curves  In  Diag.  27).  By  the  same  token  the  oblique  reflectance  away  from  the 


sun  is  lower  than  that  vertically  upward. 

No.  13  In  Table  15  anJ  Diag.  36  represent  data  obtained  over  a  stand  of 
dead  tree3,  predominantly  firs.  Their  angular  reflectance  pattern  is  similar  to 
that  of  liv!..g  firs  (no.  12). 

With  rerpect  to  infrared  reflection  most  of  the  investigated  stands  showed 
a  behavior  similar  to  that  concerning  the  visible  light.  In  general,  however,  the 
angular  dependance  of  reflectance  tends  to  be  somewhat  smaller. 

The  shape  of  all  spectral  curves  remains  at  all  angles  very  much  the 
same,  i.e.,  color  does  not  depend  on  the  direction  of  observation.  However, 
except  for  the  measurements  taken  on  the  dead  trees  stand,  the  recordings  did 
not  cover  the  bine  region  of  the  spectrum,  so  that  the  question  of  whether  or 
not  there  is  a  correlation  between  the  amount  of  shadows  and  the  intensity  of  the 
blue  component  cannot  be  answered. 

Sources:  ALEKVA60SDP,  ARCYES5SOSD,  BE  LOSV59AFL. 

3.1.9  Reflectance  as  a  function  of  solar  altitude 

It  is  certain  that  the  angular  reflectance  pattern  of  roughly  str>:clur"d 
cover  types  such  as  forests  will  be  influenced  by  the  altitude  of  the  sun.  Some 
respective  remarks  have  already  been  made  in  the  foregoing  section.  Most  in¬ 
teresting,  however,  would  be  to  know  how  much  the  "ertical  upward  reflectance 
depends  on  solar  altitude.  For  entire  stands  no  data  are  available  which  would 
answer  thi*  question. 

Measurements  carried  out  on  the  ground  on  spruce  needles  suggest  that 
the  reflectance  of  the  needle  surfaces  alone  does  not  change  significantly  with  a 
change  of  sun’s  altitude.  In  Diag.  38,  Curve  1  was  obtained  at  28°.  2  at  34°  and 
3  at  40°  solar  altitude.  All  curves  are  very  close  to  each  other  or  even  overlap 
each  other. 

Even  if  objects  under  investigation  do  not  change  their  reflectance  as  a 
function  of  the  altitude  of  the  sun,  it  is  advisable  to  compare  only  results  with 
each  other  which  have  been  obtained  under  similar  conditions  of  illumination. 
Standard  surfaces  used  for  reference,  such  as  barite  paper,  do  not  behave  exactly 
ortbotropicaily.  N.V. Eliseeva  found  that  at  an  angle  of  incidence  of  45°  the 
brightness  of  barite  paper  seen  in  the  normal  direction  changed  about  0.8  %  per 
1°  change  of  the  incidence  angle  (reported  by  BELOSV59AFL).  It  is  suggested 
that  measurements  are  comparable  if  they  have  been  taken  within  a  change  of 
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the  sun's  altitude  of  5°.  Voder  &ene  circumstances  protwbU  error*  associated 
with  thl*  change  do  not  exceed  the  error*  ceased  by  the  measuring  technique. 

Source:  HKL06V59AFL. 

3.1.10  Reflectance  of  tree  barks 

In  general,  the  reflectance  of  the  bark  of  stems  and  branches  does  not 
hare  a  significant  influence  on  the  integral  aspect  of  trees  seen  from  the  air, 
unless  the  density  of  the  foliage  Is  rather  sparse  as  Is  the  case  with  trees  arrow¬ 
ing  on  poor  sites.  It  Is,  however,  of  Importance  for  the  sinter  aspect  of  de¬ 
ciduous  trees  and  the  appearance  of  dead  trees. 

Examples  for  the  reflectance  of  stem  bark  and  branches  without  leaves 
or  needles  are  provided  in  Table  18  and  Olags.  31  -  34.  All  spectral  curves  are 
either  almost  neutral  (as  bark  of  aspen,  birch  and  Siberian  fir)  or  exhibit  a 
gradual  and  relatively  slow  Increase  from  the  blue  end  of  the  spectrum  Into  the 
infrared  (all  others).  Only  the  young  stem  bark  of  Scotch  pine  with  its  yellow- 
orange  color  (Curve  32.1)  gives  rise  to  a  more  pronounced  upward  trend  of  re¬ 
flection  from  shorter  to  longer  wavelengths.  Old  bark  (Ccrve  32.2)  has  a  much 
more  brownish  color  and,  therefore,  there  Is  less  contrast  between  the  red  and 
the  blue  spectral  region.  The  reflectance  of  barks  is,  in  general,  higher  than 
that  of  leaves  or  needles,  especially  in  the  orange-red  spectral  region.  The  situa¬ 
tion  is  reversed  in  the  near  Infrared,  however. 

The  highest  reflectance  of  visible  light  car  be  observed  for  the  smooth 
white  bark  of  birch  (81  %).  This  Is  followed  by  birch  bark  from  the  lower  part 
of  tree  stems  with  fissures  (32  -  33  %),  aspen  bark  (25  %)  Siberian  fir  baric 
(17  %}.  young  bark  of  Scotch  pine  (13  %),  old  baik  of  Scotch  pine  (9  %)  and 
beech  bark  (8  %). 

Fresh  pine  branches  without  needles  (Curve  31.2)  reflect  light  similar  to 
pine  bark,  whereas  the  reflectance  of  fresh  leafless  aspen  branches  is  lower  and 
less  neutral  than  that  of  aspen  stem  bark.  The  reflectance  of  the  dry  branches 
of  dead  trees  depends  to  some  extent  on  the  coverage  by  beard-moss.  The  spectral 
remission  curve  for  the  latter  ts  shown  In  Diag.  34  (Curve  3).  It  Is  higher  than 
that  for  tree  branches.  From  the  results  shown  in  Table  16  and  Diag.  34  It  can 
be  seen  that  there  is  some  tendency  toward  an  Increase  of  reflection  with  an 
increase  of  the  branch  surface  covered  by  beard-moss. 

The  reflectance  of  a  whole  stand  of  dead  trees  as  measured  from  the  air 


fable  16  Raflectane*  of  bark  and  breaches  of  various  tree  spcoiss  in 

"  . .  selected  spectral  intervals  (based  on  data  reported  in 

A.TJBKV460SDP  and  BSLOST39APL) 

SRC  -  Spectral  reflectance  curve 

*  •  Bata  lnooaplete  for  spectral  interval  specified 


Object 

Reflectance  in  £ 

Spectral  region 

Blue 

Green 

Red 

Visible J Infrared 

SRC  no. 

L  ' 

V  0  V 

Wavelength  (aji) 

400- 

490 

510- 

590 

610- 

690 

400-690 

710-890 

Toms  bark  of  Scotch 
pine,  yellow-orange 

7.1* 

11.1 

19.1 

13.2* 

40.0 

32.1 

id.,  old 

brown 

6.4* 

8.4 

11.7 

9.2* 

23.6 

32.2 

lark  of  birch,  lower 
part  of  et«a 

,  30.5* 

33.0 

33.9 

32.8* 

38.2 

Bark  of  beeoh, 
dark  gray 

6.7* 

8.7 

9.3 

8.5* 

18.2 

32.3 

T  0 

ask 

Bark  of  biroh, 
white,  eaooth 

73.9 

82.0 

87.5 

81.1 

33.1 

id.,  lower  part  of  stea, 
with  dark-gray  fissures 

29.8 

I 

33.5 

31.9 

33.2 

Bark  of  aapen 

22.3 

27.8 

25.2 

31.1 

Bark  of  Sib.  f*r,  lowei 
part  of  ete.n 

15.4 

16.8 

18.1 

16.8 

33.3 

Bark  of  Sib.  u>tcne  pine, 
lower  part  of  etea 

9.8 

11.4 

13.1 

Fresh  branches  of  Scotch 
pine,  without  needles 

7.8 

13.2 

19.8 

13.6 

31.2 

Fresh  branches  of  se~?«. 
without  leaves 

5.8 

8.8 

11.6 

8.8 

31.3 

Dry  branches  of  Norway 
spruce,  60 %  of  surfaoe 
covered  by  beard-mose 

7.6* 

10.3 

14.7 

11.1* 

24.1* 

34.1 

id.,  fir 

70 Jt  beard-nose 

7.4* 

9.5 

15.0 

10.8* 

26.2* 

id.,  Scotch  pine,  10)S 
beard -bobs 

«. 

9.2 

13.4 

11.5* 

23.1* 

id.,  Sib.  stone  pine, 

5Jt  beard-aoas 

7.0" 

8.4 

12.0 

9.3* 

21.9* 

34.2 

Beard-aoss,  air-dry 

11.9* 

16.0 

15.1 

14.5* 

20.4* 

34.3 

Stand  of  dead  trees, 
measured  from  the  air 
(plot  5  in  Table  5) 

3.9* 

4.5 

5.2 

4.6* 

i_ - 

17,9* 

66 


is  shown  in  Dtag.  36.  The  curve  for  the  vertical  direction  is  not  given.  It  would 
lie  between  curves  1  (measurement  at  a  transverse  direction)  and  3  (measure¬ 
ment  against  the  sun).  Compared  with  the  data  for  bark  and  branches  it  is  sur¬ 
prising  that  the  curves  exhibit  a  sharp  upswing  at  around  700  m/a.  It  must  be 
assumed  that  this  is  the  result  of  the  underlying  vegetation  covering  the  ground. 
Also,  the  average  reflectance  of  visible  light  of  the  whole  stand  is  much  lower 
(5  %)  than  that  of  single  dry  branches  (20  -  26  %). 

Sources:  ALEKVA80SDP,  BELOSV59AFL 

3.1.11  Comparison  of  species  on  the  basis  of  ground  measurements  of  foliage 

After  having  discussed  the  various  factors  governing  the  reflectance  of 
trees  we  now  turn  our  attention  to  a  direct  comparison  of  different  species.  It 
should  always  be  kept  in  mind,  however,  that  reflectance  is  variable  as  a  result 
of  the  factors  mentioned  above  and  that  only  data  obtained  under  similar  condi¬ 
tions  may  be  compared. 

In  Table  17  some  foliage  reflectance  data  are  compared  which  were  ob¬ 
tained  in  the  Leningrad  and  the  L'vov  area  at  different  seasons.  Corresponding 
spectral  reflectance  curves  are  refered  to  in  this  table.  The  first  series  of 
measurements  was  conducted  on  June  21  in  the  Leningrad  area,  i.e. ,  at  a  time 
of  early  summer  aspect  of  trees.  Birch  leaves  at  this  time  were  full  sized, 

had  still  a  light-green  color.  The  leaves  of  aspen  were  developed  to  about  2/3 
of  their  final  size^^oasequentlyTntneToirage  of  these  deciduous  trees  reflects 
retain ety"  strongly  in  the  visible  spectrum  (7  -  71/2  %).  One  should  note,  however, 
that  the  visible  light  reflectance  of  young  pine  and  spruce  needles  is  similar  or 
even  higher  (9  -  10  %),  especially  in  the  red  portion  of  the  spectrum.  Spruce 
needles  at  this  time  had  a  length  of  10  -  11  mm  and  their  color  was  light-green. 
Pine  shoots  were  still  partly  covered  by  brown  scales.  The  reflectance  of  old 
needles,  on  tne  other  hand,  is  low  (21/2  -  31/2  %).  Of  course,  the  apperance  of 
coniferous  trees  as  seen  from  the  air  is  determined  by  the  ratio  between  young 
and  old  needles.  It  is,  therefore,  difficuii  to  draw  conclusions  from  foliage 
measurements  and  much  more  reliable  data  can  be  collected  by  measuring  whole- 
crowns  or  stands  (see  sections  3.1.12  and  3.1.13). 

Similar  results  were  obtained  on  June  7  and  8  in  the  L'vov  area,  although 
here  the  reflectance  of  all  species  is  consistently  higher  than  in  the  Leningrad 
area,  for  the  reason  discussed  earlier  (see  section  3.1.6).  In  the  L'vov  area 


Table  17  Comparative  table  for  the  reflectance  of  foliage  of  various 

.... - tree  species  in  seleoted  spectral  intervals  (based  oa  data 

reported  in  AIEEVA60SDP  and  ARCYES580SD) 

SRC  ■  Spectral  reflectance  curve 


Object 

Reflectance  in  i> 

SRC  no. 

Spectral  region 

Blue 

Green 

Red 

Visible 

Infrared 

L  e  n 

L  n  g  r  a  d  a  r 

e  a 

Date: 

VI-21 

Wavelength  (mp) 

430-490 

510-590 

610-670 

430-670 

Scotch  pine, 
young  needles 

o.6 

12.0 

12.0 

It.  4 

id.,  old  needle b 

2.3 

4.6 

3.4 

3.5 

Norway  spruce, 
i  young  needles 

4.0 

13.6 

8,6 

9.0 

13.1 

id.,  old  needles 

1.5 

3.6 

2.4 

2.6 

13*3 

Birch, 

young  leaves 

3.7 

10.9 

6.6 

7.4 

13.2 

Aspen, 

young  leaves 

2.9 

11.0 

6.7 

7.2 

Date: 

IX-9 

| Wavelength  (mp) 

450-490 

510-590 

610-690 

430-690 

Scotch  pine 

1.2 

2.4 

1.9 

1.9 

56.1 

Norway  spruce 

1.0 

1.8 

1.5 

1.5 

Birch 

2.0 

3.4 

2.5 

2.8 

56.2 

Aspen 

2.7 

4.8 

2.9 

3.6 

56.3 

Date: 

X-8 

Scotch  pine 

warn 

5.1 

3.7 

4.0 

57.3 

Norway 

spruce 

3.7 

2.8 

3.0 

Birch  (yellow) 

19.8 

27.9 

19.6 

57.1 

Aspen  (yellow) 

mm 

15.9 

25.2 

16.6 

57.2 

L  '  v  < 

v  a  r 

e  a 

Date: 

VI-7/8 

Wavelength  (op) 

450-490 

510  90 

610-690 

450-690 

710-890 

Scotch  pine, 
old  needles 

5.4 

7.6 

6.3 

6.6 

33.0 

2.1 

Norway  spruce, 
young  needlee 

7.7 

13.2 

12.5 

53.0 

4.1 

id.,  old  needlee 

4.6 

6.8 

6.2 

29-3 

r  ■a 

A 

Syoaaore  aaple 

7.8 

10.3 

9.0 

9.2 

76.0 

A  ah 

7.5 

10.2 

7.3 

8.5 

70.0 

50.2 

Rnglish  oak 

6.3 

15.0 

9.7 

10.9 

71.9 

50. 3 

50.2 

50. 3 
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Tab: *  3.7 


Object 


(Continued) 


Reflectance  in  % 


Green 


{Spectral  region  Blue 


i  *  v  o  ▼  area  (Continued) 


Scotch  pine, 
young  needles 

id.,  old  needlee 

Norway  spruce, 
young  needles 

id. ,  old  needles 

Surop.  white  birch 


Sootch  pine, 
young  needles 

4.3 

id. ,  old  needles 

3.5 

Norway  spruce, 
young  needles 

5.1 

Beech 

5.8 

Aspen 

7.1 

Sycamore  maple 

6.2 

Pedunculate  oak 

5.2 

Scotch  pine, 
young  needlee 

id.,  old  needles 

Fr>rway  spruce, 
j-oung  needles 

id.,  old  needles 

European  white  birch 

Beech 

Aspen 

Sycamore  maple 
Ash 


Visible 

Infrared 

Date: 

VI-17/20 

450-690 

710-890 

11.3 

59.1 

1.1 

5.5 

28.6 

2.2 

10.2 

59.5 

4.8 

27.3 

13.1 

76.6 

50.1 

VII-15/16 


49.6 

25.1 

2.3 

56.5 

76.0 

16.1 

75-4 

63.0 

61.8 

Date:  VII-31/VIII-1 


43.0 

- 1 

1.2 

24.5 

46.1 

54.3 

4.2 

25.8 

5.2 

61.7 

46.2 

68.7 

16.2 

55.5 

62.1 

47.2 

56.9 

47.3 
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Table  17  (Continued) 


Object 

Bef! 

Leotance  in  % 

HR (!  r*n. 

Spectral  region 

Blue 

Green 

Red 

Visible 

Infrared 

L'fot  are 

a  (Continued) 

Datet 

IX-14/15 

450-490 

510-590 

610-690 

450-690 

710-890 

Scotch  pine, 
young  needle e 

3.2 

5.2 

3.4 

4.1 

34.2 

id.,  ild  needles 

2.3 

3.9 

3.0 

3.2 

19.3 

Norway  spruce, 
young  needles 

3-3 

5.5 

4.4 

4.6 

41.2 

id.,  old  needles 

1.9 

3.6 

3.2 

23.9 

European  white  birch 

12.2 

9.3 

57.0 

Beech 

8.2 

6.5 

6.6 

60.7 

16.3 

Aspen 

8.9 

6.6 

51.6 

Syoamore  maple 

7.4 

5.9 

56.3 

Ash 

?_-9  . 

4.5 

53.5 

Date: 

IX-29/30 

Norway  spruce, 
young  needles 

2.7 

5.1 

4.6 

4.3 

40.4 

4.3 

id. ,  old  needles 

1.2 

2.8 

2.6 

2.4 

20.7 

5.3 

European  white  birch 

4.3 

8.7 

6.6 

6.8 

35-6 

18.2 

Beech 

3.0 

6.2 

4.6 

4.8 

36.9 

17.1 

Aspen  (yellow) 

5.2 

10.9 

7.4 

8.2 

47.0 

Syoamore  maple 

3.9 

7.1 

5.3 

5.6 

52.6 

Ash 

3.5 

11.4 

7.4 

8.0 

50.0 

|  Pedunculate  oak 

5.4 

__  _ 

8.1 

6.0 

6.7 

51.0 

r 

Date: 

X- 11/12 

Scotch  pine, 
youn&  needles 

4.8 

7.6 

4.4 

5.7 

35.6 

1.3 

id.,  old  needles 

2.8 

4.4 

3.3 

3.6 

18.7 

48.1 

European  white  birch 
(yellow) 

9.3 

>0.5 

43.6 

30.6 

55.5 

18.3/ 

48.2 

Aspen  (yellow) 

5.6 

22.3 

30.0 

21.4 

47.8 

49.2 

Sycamore  maple ( yellow) 

6.1 

19.6 

27.1 

19.4 

47.9 

Ash  (yellow) 

5.7 

17.8 

11.6 

12.6 

53.3 

49.3 

Beech  (dry, gray-brown; 

- 

5.0 

10.2 

7.6 

21.0 

17.? 

Aspen  (dry, gray) 

6.9 

8.1 

11.1 

9.1 

_ _ _ 

16.8 
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measurements  in  the  near  infrared  were  also  taken,  and  it  can  be  concluded 
that,  in  contrast  to  the  situation  within  the  visible  spectral  interval,  young  leaves 
reflect  more  radiation  than  young  needles. 

The  further  development  throughout  the  summer  can  be  inferred  from  the 
data  collected  at  several  seasonal  intervals  in  the  L'vov  area.  Corresponding 
spectral  reflectance  curves,  as  far  as  reproduced  in  this  report,  are  referred 
to  in  Table  17.  Birch  leaves  have  consistently  the  highest  reflectance  in  the 
visible  (9  -  13  %)  and  reflect  also  heavily  in  the  near  infrared  spectrum  (57  - 
77  %).  The  other  deciduous  species  have  a  lower  reflectance  and  are  rather 
similar  to  each  other  (5  -  10  %  in  the  visible,  54  -  57  %  in  the  infrared  part 
of  the  spectrum)  with  the  exception  of  beech,  which  has  a  tendency  to  reflect 
more  Infrared  radiation,  even  more  than  birch  (Cl  -  78  %).  The  data  also 
illustrate  the  well-known  fast  that,  for  the  summer  aspect  of  trees,  the  contrast 
between  coniferous  and  hardwood  species  is  greater  in  the  infrared  (about  1  :  1.7) 
than  in  the  visible  region  (about  1  :  1.4),  if  one  assumes  that  the  integral  re¬ 
flectance  of  whole  coniferous  trees  lies  somewhere  between  that  of  young  and 
that  of  old  needles.  Contrasts  between  deciduous  species  are  greater  in  the 
visible  spectrum,  especially  in  the  blue  and  the  red  spectral  bands.  As  an 
example,  the  reflectance  of  the  foliage  of  some  trees  as  measured  on  July  31/ 
August  1  has  been  calculated  relative  to  that  of  ash  leaves  In  Table  18,  The 
contrast  between  Scotch  pine  and  Norway  spruce  is  but  low  throughout  the  whole 
spectrum. 

For  the  time  of  fall  coloration  it  t£  again  difficult  to  draw  reliable 
conclusions  from  reflectance  data  obtained  on  leaves,  since  at  a  given  time,  a 
tree  may  have  leaves  with  different  colors.  It  can  be  seen,  however,  that  the 
contrast  between  hardwood  and  coniferous  foliage  is  now  pronounced  throughout 
the  whole  spectrum.  It  is  especially  high  in  the  red  spectral  band  (varying  bet¬ 
ween  3  :  1  and  10  :  1).  It  drops  again  as  soon  as  the  leaves  have  completely 
withered. 

Data  obtained  In  the  Leningrad  area  in  fall  before  and  after  the  beginning 
of  leaf  coloration  confirm  what  has  been  stated  above  regarding  the  contrast  bet¬ 
ween  deciduous  and  coniferous  foliage,  at  least  for  the  visible  spectral  region. 

In  the  near  infrared  no  measurements  were  taken. 


Sources:  ALEKVA60SDP,  ARCYES580SD. 


Table  18  Relative  reflectances  cf  deciduous  foliage  as  aessured  on 

- - -  July  31  /  August  1  in  the  i'vov  area  (based  on  data 

reported  in  ALBKVA603DP) 


Species  Relative  refleotanoe  (ash  «  1.0) 


Spectral  region 

Blue 

Greer. 

Red 

Visible 

Infrared 

Wavelength  (mp) 

450-490 

510-590 

610-690 

450-690 

710-890 

|  Birch 

2.1 

1.4 

1.9 

1.7 

1.1 

i  Aspen 

1.0 

1.0 

1.3 

1.5 

1.2 

.  Sycamore  maple 

1.5 

1.1 

1.4 

1.2 

1.0 

speech 

1.6 

1.0 

1.2 

1.1 

1.1 

[Srih 

1.0 

1.0 

1.0 

1.0 

1.0 

3.1.12  Comparison  of  species  on  the  basis  of  whole  crowns 

8.  V.  Belov  et  al.  carried  out  a  number  of  reflectance  measurements  on 
whole  crowns  from  a  tower  (for  method  of  measurement  see  section  1.6.2)  in 
both  the  Arkhangelsk  and  the  Tomsk  area.  At  the  time  of  the  first  series  of  re¬ 
cordings  in  the  Arkhangelsk  area  (July  3-7)  the  phonological  stage  of  the  vegeta¬ 
tion  was  as  follows:  The  deciduous  hardwood  species  (pubescent  birch  and  aspen) 
had  fully-developed  foliage.  Norway  spruces  had  young  shoots  3  -  6  cm  long  with 
light-green  needles  13  -  18  mm  in  length  and  older  shoots  4  -  10  cm  long  with 
dark-green  needles  13  -  21  mm  In  length;  the  young  shoots  covered  about  50  % 
of  the  crown  projection.  The  corresponding  data  for  the  Scotch  pines  were:  Young 
shoots  15  -  30  mm  with  light-green  needles  25  -  31  mm;  last  year’s  shoots  3  - 
9  cm  with  gray-green  needles  32  -  67  ram;  young  shoots  covering  approximately 
15  %  of  the  crown  projection.  At  the  time  of  the  later  measurements  on  August 
7-20,  the  trees  had  a  typical  late  summer  aspect,  i.e. ,  about  15  days  later 
the  deciduous  hardwood  species  started  to  change  their  color.  For  the  Tomsk 
area  the  authors  do  not  give  a  detailed  description  of  the  aspect  of  the  vegeta¬ 
tion  at  the  time  of  measurement. 

A  summary  ot  the  data  is  provided  tn  Table  19  and  spectral  curves  are 
represented  in  Dtags.  43  -  45  and  53.  The  following  conclusions  can  be  drawn. 

1.  The  reflectance  of  whole  trees  is  always  lower  that  that  of  needle*  or 
leaves  as  discussed  earlier. 

2.  The  various  species  have  a  rather  similar  reflectance  within  'the  visible 
part  of  the  spectrum.  However,  there  is  some  tendency  for  aspen  and  birch  to 
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Table  19  Comparative  table  for  the  refleotance  of  whole  crovne  of 
—  variou*  tree  epeoiee  in  selected  spectral  intervals  (based 

on  data  reported  in  BELUS759APL) 


SAC  *  Spectral  reflectance  curve 

*  *  Data  inooaplete  for  speotral  interval  specified 


[  Object 

Reflectance  In  % 

SRC  no. 

Spectral  region 

Slue 

Green 

Red 

...  ... 

Viaible 

Infrared 

A  r  k  h  a 

n  g  e  1 

s  k  a 

r  e  a 

Date: 

VI1-3/7 

Wavelength  (mp) 

610-690 

430-690 

710-790 

ph 

Norway  spruce 

2.1 

3.7 

2.9 

3.0 

18.9 

id. 

1.6 

3.2 

2.6 

2.5 

14.9 

Scotch  pine 

2.1 

3.7 

3.2 

3.1 

22.3 

Fubesoent  birch 

2.5 

4.2 

3-5 

3.5 

42.4 

450 

Aspen 

2.5 

4.7 

2.6 

3.4 

25.5 

Date: 

VIII-7/2C 

) 

Scotch  pine 

2.8 

5.4 

- 

4.2* 

|3| 

Siberian  larch 

2.3 

4.9 

3.8 

3.8 

Aspen 

-  1 

2.8 

4.2 

4.3 

3.8 

1 

m 

Tom 

s  k  a  3 

!*  e  a 

Date: 

vxn-3/12 

410-490 

510-590 

610-690 

410-690 

710-790 

Scotch  pine 

2,4 

5.0 

5.0 

4.1 

41.6 

Siberian  stone  pine 

2.3 

4.5 

3.9 

3.6 

41.6 

Siberian  spruce 

2.1 

4.2 

3.5 

3.2 

37.2 

53.1 

Siberian  fir 

2.0 

3.8 

4.2 

3.3 

40.4 

44.1 

Birch 

3.1 

5.8 

4.7 

51.7 

53.3 

leper 

3.4 

4.7 

4.6 

51.7 

44.3 

reflect  more  than  reniferous  trees  at  the  blue  end  of  the  spectrum.  Also,  the 
curves  for  spruce  ire  clearly  the  lowest  In  the  red  spectral  band.  The  contrast 
between  the  group  of  hardwood  trees  and  that  of  softwood  trees  is  smaller  (about 
1.2  :  1)  than  that  between  corresponding  foliage. 

3.  A  consistent  contrast  between  the  groups  can,  however,  be  observed 
In  the  near  infrared,  although  It  is  also  somewhat  smaller  than  that  between 
foliage  (1.0  -  1,7  :  1  on  the  average). 

Source:  BEL06V59AFL. 


3.1.13  Comparison  of  specie,  on  /he  basts  of  whole  stands  measured  from  he  air 


Results  of  airborne  measurements  carried  out  by  E-S.^xcybathev,  V.A. 
Alekseev  and  S.  V.  Belov  over  pore  stands  in  the  L*vov,  Leningrad  and  Tomsk 
areas  are  given  in  Table  20  and  Diags.  10,  55  and  58  -  60.  The  two  groups  of 
coniferous  and  deciduous  trees  overlap  each  other  within  the  visible  epectral 
region.  Stands  of  Norway  spruce  have  clearly  the  lowest  reflectance:  Scotch 
p.ne  stands  and  bird  stands  have  almost  the  same  brightness,  and  aspen  stands 
i  ’fleet  ever,  less  than  Scotch  pines.  This  is  just  the  opposite  to  the  data  shown 
in  Dlag.  56,  which  are  based  on  ground  measurements  of  leaves.  The  aspen 
stand  measured  had  a  rather  small  crown  closure,  so  that  shadows  between  the 
trees  affect  the  reflectance.  According  to  the  Russian  authors,  however,  this 
situation  is  not  typical  for  aspen  stands  in  general. 

Birch  forest  has  a  lower  viBible  brightness  than  beech  forest.  This  re¬ 
sult  is  in  contrast  with  observations  made  on  the  ground  (see  section  3.1.11). 
There  birch  leaves  reflect  more  than  beech  leaves.  As  in  the  case  of  nines  and 
aspens  above,  an  explanation  for  the  reversal  of  the  contrast  has  to  be  sought  in 
the  structure  of  the  c  rown  canopies.  Beech  crowns  have  flat  tops  and  their 
closure  is  high.  Consequently,  the  influence  of  shadows  Is  small.  Birch  crowns, 
on  the  other  hand,  are  irregular.  Also,  birches  usually  grow  in  two  stories  and 
the  closure  of  the  overstory  is  Incomplete.  As  a  result,  there  are  numerous 
shadow  areas  between  the  crowns. 

A  clear  separation  between  the  coniferous  and  the  deciduous  stands  can  be 
obtained  in  the  infrared  only,  where  contrasts  vary  between  1  :  1.4  and  1  .  2. 
Within  groups,  however,  differences  are  very  small.  It  should  be  noted  that  the 
Iasi  series  of  measurements  in  the  Leningrad  area  was  obtained  with  an  aerial 
spec.^ograph  (see  section  1.4.1),  t!.e  earlier  ones  with  a  Universal  Photometer 
(see  section  1.2.1).  This  change  of  the  Instrument  probably  explains  the  large 
difference  In  general  height  of  reflectance  between  the  July  19  and  the  August  il 
data. 

Sources:  ALEKVA80SDP,  APCYES580SD,  BELOSV5SAFL. 


3.2  Spectral  reflectance  of  forest  clearings  and  bogs 

A  few  data  on  the  reflectance  of  forest  cleartngB  and  bogs  obtained  from 
the  air  nave  been  reported  by  V.  A.  Alekseev,  E.S.  Arcybshev  and  S.V.  Belov. 
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Table  20  Comparative  table  for  the  reflectanoo  of  whole  forest  stands 

- —  measured  from  the  air  (based  on  data  reported  in  4LEKVA60SDP, 

ARCYE3580SD  and  BELC:iV59A?L) 

SRC  *  Spectral  refleetance  curve  * 

*  s  Data  incomplete  for  spectral  interval  specified 


Objects  Stand 

[Spectral  region  Blue 


Reflectance  in  % 


SRC  no. 


Green 


v  o  v  area 


[Visible  I  Infrared 
Date:  YII-11 


[Wavelength  (m^i) 

Scotch  pine 
(plot  5  in  Table  6) 

Birch 

(plot  3  in  Table  6) 
Beech 

(plot  6  in  Table  6) 
Alder 

(plot  7  in  Table  6) 


Leningrad  area 


Scotch  pine 
Norway  spruce 
Birch 


Scotch  pine 

Birch 

Aqpen 

Scotch  pice 
Norway  spruce 
Biroh 
Aspen 


Omsk  area 


Date; 

2.2 

2.2 

1.6 

Date; 

5.6 

3.5 

6.1 

4.9 

Datu: 


VII-19 


vill-ll 

15.9 

1>.4 

20.5 

I  21.8 


[Wavelength  (®p) 
Scotch  pine 
Siberian  fir 


[Birch 
[ Aspen 


610-690 

550-690 

3.1 

5.3 

3.8 

5.8 

Date: 


550-690 

7 10-  /50 

2.7 

22.9 

10.2 

2.9 

46.4 

55.1 

4.8 

48.7 

55.2 

4.7 

46.0 

55-3 

Date: 

VI-24 

450-690 

710-770 

* 

CD 

CJ 

- 

58.1 

1.5* 

- 

58.3 

2.8* 

- 

58.2 

Curves  35.2  and  3S.3  represent  the  spectral  reflectance  of  a  clearing 
covered  by  young  growth  and  from  one  without  young  growth,  but  covered  by 
grasses,  herbs,  mosses  and  dwarf-shrubs.  Both  have  spectral  characteristi.'.s 
which  are  similar  to  those  cf  meadows  (see  section  3.4),  except  for  the  Infrared 
region,  where  the  remission  is  lower  (see  also  nos.  1  and  2  In  Table  21).  For 
the  former,  which  Is  covered  by  young  trees,  predominantly  birches  and  aspens 
having  a  height  cf  1.3  and  a  density  of  0.6,  the  chlorophyll  absorption  In  the 
red  band  seems  to  be  somewhat  stronger. 


Table  21  Reflectance  of  forest  clearings  and  bogs  in  selected 

-  nnectral  intervals  (based  on  data  reported  in  ALSKVA6Q3DP, 

aRCYES5803D  and  BSL0SV59AFL) 

SRC  =  Spectral  reflectance  curve 

*  »  Data  Incomplete  for  spectral  interval  specified 


No. 

Object 

.  . . 

Reflectance  in  % 

SRC  no. 

Spectral  region 

Green 

Red 

Visible 

Infrared 

Wavelength  (mp) 

550-590 

610-690 

550-690 

710-790 

i 

Clearing  with  young 
growth  \ Leningrad, VIII-9) 

7.0* 

6.1 

6.4* 

21.8* 

^5-2 

2 

id. ,  without  young  growth 

6.6* 

6.5 

6.5* 

25.5* 

35.3 

3 

Peat  digging  area 
(Leningrad,  VIII-9) 

6.6* 

7.9 

7.6* 

11.8* 

65.1 

4 

Peat-aoss  bog 
(lomsk,  IX- 10) 

13.5 

10.8 

11.8 

41.3 

65.2 

5 

Peat-moss  sedge  bog 
(Tomsk,  VII-0) 

6.8 

3.7 

4.9 

61.1 

65-3 

6 

Low  moor  with  sedges, 
moist  (L’vov,  VTI-ll) 

7.3 

5.6 

6.3 

39.2* 

66.1 

7 

id. ,  wet 

4.7 

3.6 

-  4.0 

24.3* 

66.2 

The  reflectance  curve  obtained  over  a  r eddish- gi  ay  peat  digging  area  (see 
Curve  65.1  and  no.  3  In  Table  21)  e^ows  a  gradual  upward  trend  from  the  visible 
to  the  infrared  wavelengths  and  Is  similar  to  the  data  for  peat  soil  reported  by 
J.S.Tolchel'nlkov  (Curve  113.1).  Tie  spectral  characteristics  ot  a  peat-moss 
sedge  bog  (see  no.  5  In  Table  21  and  Curve  65.3)  are  comparable  with  those  of 
meadows  (for  example,  Curve  62.3).  The  reflectance  of  a  pure  peat-moss  bog 
differs  In  that  U  is  higher  in  the  visible  and  lower  in  the  infrared  region  (see 
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no.  4  in  Table  21  and  Curve  65.2). 

Curves  66. 1  and  2  shew  the  spectral  reflectance  of  a  moist  and  a  wet 
low  moor  with  sedges.  The  difference  in  moisture  explains  the  difference  of 
general  reflection  Intensity  between  the  two,  the  wetter  moor  absorbing  considerab¬ 
ly  more  radiation.  The  infrared  reflectance  of  low  moors  is  significantly  lower 
than  that  of  high  moors  (see  also  no.  6  and  7  in  Table  21). 

Sources:  ALEKVA80SDP,  ARCYES580SD,  BELOSV59AFL. 


3.3  Spectral  reflectance  of  mosses  and  lichens 

Reflectance  data  for  mosses  and  lichens  are  scanty.  In  Dtag.  54  two 
curves  are  shown  which  are  based  on  measurements  obtained  by  Z.L. 

Petrushkina  in  western  Yakutia  (reported  in  BAKHVM60MSA).  Curve  1  re¬ 
presents  the  spectral  reflectance  of  a  brown  moss  species.  Curve  2  that  of 
reinieer  moss.  As  would  be  expected,  the  first  has  a  higher  intensity  in  the 
yellow  and  red  bands  than  In  the  green,  whereas  toe  second  with  its  light-gray 
color  is  almost  neutral  In  reflectance  within  the  visible  spectrum,  hi  the  near 
infrared  region  the  contrast  between  the  two  is  smaller  than  in  the  visible  one. 

The  reflectance  of  beard-mess  da a  been  discussed  in  conjunction  with  that 
of  dead  trees  (see  section  3.1.10)  and  the  influence  of  a  lichen  cover  on  the 
reflectance  of  rocks  will  be  shown  in  section  5.1. 

Source:  BAKHVM80MSA. 

3.4  Spectral  reflectance  of  agricultural  crops 


The  aspect  of  most  agricultural  crops  undergoes  pronounced  seasonal 
changes.  The  spectral  reflectance  of  green  crops  and  meadows  shows  the 
characteristics  which  are  typical  for  green  vegetation,  i.e. ,  a  maximum  in  the 
green  spectral  region  and  a  sharp  upswing  at  the  lower  end  of  the  near  infrared 
(see  nos.  1,3, 6, 9  and  13  -  15  In  Table  22  and  Curves  39.1,  61.1,  62.1  -  3  and 
63.1). 

The  ripening  of  grains  manifests  itself  through  an  Increase  of  reflectance 
in  the  yellow-red  spectral  zone  and  a  drop  in  the  Infrared  (see  nos.  4  and  5  in 
Table  22  and  Curves  61.2  and  61.3). 
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Table  22  Reflectance  of  meadows  and  agricultural  crops  in  seleotsd 

-  spectral  intervals  (based  on  data  reported  in  ALEKVA60SDP, 

ARCYB35808D,  ARCTB362I3J  and  3BL0SV59AFL) 

SRC  ”  Spectral  reflectance  curve 

*  *  Data  incomplete  for  spectral  interval  specified 


Ho. 

Type  of  crop 

Reflectance  in  £ 

SRC 

Spectral  region 

Blue 

Green 

Red 

Visible 

Infrared 

no. 

0  r  o  u 

id  me 

a  s  u  r 

e  m  e  n 

t  8 

: 

Wavelength  (mp) 

450-490 

510-590 

610-690 

450-690 

710-890 

1 

Oats  with  vetch 
(L'vov,  VIII-11) 

4.7 

8.2 

5.5 

6.4 

42.1 

39.1 

2 

id., 

stubble-field 

3.7 

7.4 

7.1 

6.4 

26.5 

39.2 

3 

Oats,  flowering 
(L'vov,  VIII-11) 

4.2 

8.2 

5.7 

6.3 

43.8 

51.1 

4 

Rye,  ripe 
(L'vov,  VIII-ll) 

8.7 

13.9 

16.0 

13.5 

30.1 

61.2 

5 

Rye  straw 

7.2 

11.9 

17.1 

12.8 

26.8 

61.3 

6 

Hoist  meadow  with 
sedges  and  grasses 
(L'vov,  III-5) 

2.3 

5.8 

4.3 

4.4 

31.8 

7 

Holst  meadow  with 
out  vegetation 
(L'vov,  DC-8) 

3.0 

6.0 

7.7 

6.0 

33.4 

8 

Hay,  gray-green 
(L'vov,  DC-29) 

5.7 

8.3 

8.5 

7.8 

34.7 

1 

Wavelength  (mp) 

400-490 

510-590 

610-690 

400-690 

710-790 

9 

Meadow  with  grasses, 
olover  and 
crowfoot 
(Tomsk,  VIII-31) 

6.0 

9.9 

7.0 

7.6 

58.4 

63.1 

10 

id. ,  freshly  out 
(Tomsk,  VIII-31) 

7.8* 

12.7 

12.3 

11.4* 

48.3 

63.2 

11 

Hay, 

dry  (Tomsk) 

- 

12.0* 

19.2 

16.0* 

38.3 

63.3 

12 

Sod  (Tomsk,  out  on 
711-2,  measured  on 
IX-8) 

7.6 

13.5 

21.4 

14.2 

41.9 

<r 
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Table  22  (Continued) 


No. 

Type  of  crop 

Reflectance 

in  % 

SRC 

Spectral  region 

Blue 

Green 

Red 

Visible 

Infrared 

no. 

Airborne  me 

a  e  u  r 

.amen 

t 

Wavelength  (mp) 

400-490 

510-590 

610-690 

400-690 

710-790 

13 

Upland  meadow 
(Leningrad,  VIII-9) 

9.0* 

6.8 

7.4* 

28.5* 

62.1 

14 

Bye,  flowering 
(Tomsk,  VT 1-5) 

5.2 

8.5 

8.2 

7.3 

57.7 

62.2 

15 

Meadow  with  grasses 
and  broadleaved 
herbe( Tomsk,  VII-8) 

5.6 

7.6 

4.9 

6.0 

62.2 

62.3 

16 

Cotton,  before  irri¬ 
gation 

(Ashkhabad,  VII) 

31.6 

41.9 

36.8 

58.0 

67.1 

17 

id.,  after 
irrigation 

— 

26.0 

30.5 

28.2 

34.4 

67.2 

18 

Vineyard 
(Ashkhabad,  VII) 

24.4 

26.9 

25.7 

41.7 

67.3 

The  cutting  of  meadows  or  green  forage  grains  also  gives  rise  to  an  in¬ 
crease  of  reflectance  in  the  visible  part  of  the  spectrum  and  to  a  drop  in  the 
infrared-  The  reflectance  minimum  in  the  red  band  gets  weaker  but  does  not 
disappear  completely  (see  no. s  2  and  10  in  Table  22  and  Curves  39.2  and  63.2). 
Hay,  as  long  as  it  is  green,  has  a  reflectance  which  is  similar  to  that  of  cut 
meadows  (see  nos.  7  and  8  in  Table  22).  After  having  dried  out,  hay  reflects 
considerably  more  visible  light,  especially  in  the  red  part  of  the  spectrum  (see 
no.  11  in  Table  22  aid  Curve  63.3).  The  Influence  of  drying  out  is  also  de¬ 
monstrated  by  the  reflectance  of  a  piece  of  sod  which  was  cut  on  July  2  and 
measured  on  September  8  (see  no.  12  tn  Table  22).  Excess  soil  moisture  lowers 
the  reflectance  in  both  the  visible  and  the  Infrared  spectral  region  (see  no.  7  In 
Table  22  and  Diag.  64  where  an  upland  and  a  swampy  meadow  are  compared).  An 
influence  of  soil  moisture  may  also  be  recognizable  in  dry  areas  where  crops  are 
irrigated.  Curves  67.1  and  2  show  the  reflectance  of  a  cotton  field  before  and 
after  irrigation  (see  also  nos.  16  and  17  In  Table  22).  The  reflectance  after  irriga¬ 
tion  drops  to  about  75  %  (before  irrigation  *  100  %;  In  the  visible  and  to  about 
60  %  in  the  infrared  region. 
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If  the  vegetation  does  not  cover  the  soil  completely,  the  results  of 
measurements  constitute  a  mixed  reflectance  of  plaits  and  soil.  According  to 
V.  A.  Alekseev  and  S.  V.  Belov,  the  smoothing  out  of  reflectance  curves  for 
stubble-fields  (see  Curve  39.2)  Is  due  to  the  Influence  of  the  soli  shining  through. 
Curve  39.3  represents  the  reflectance  of  the  soli  of  the  field  in  question.  In  the 
case  of  E.S.Arcybashev'e  airborne  recordings  of  the  reflectance  of  cotton  and 
vines,  such  an  influence  also  seems  to  be  present.  The  curves  (67.1  -  3)  do 
not  have  a  maximum  in  the  green  and  a  minimum  In  the  red  band.  It  is  probable, 
however,  that  this  is  not  only  caused  by  the  soil  but  alsc  by  a  cover  of  dust 
which  was  found  on  the  plants  at  the  time  of  measurement. 

Compared  with  forests,  meadows  and  crops  are  a  very  homogeneous  type 
of  vegetational  cover  and  shadows  have  only  a  minor  influence  cm  reflectance. 
Consequently,  there  should  be  no  great  difference  between  measurements  made 
on  the  ground  and  measurements  takon  from  the  air.  This  may  even  be  true  If 
the  former  are  performed  on  Individual  plant  elements,  such  as  leaves,  except 
for  cases  where  the  soil  is  vtsible,  as  discussed  above.  Some  change  in  spectral 
characteristics  of  crops  measured  from  the  air,  may  however,  be  caused  by 
intervening  blue  haze  light,  as  demonstrated  by  an  example  reported  by  E.L. 
Krtnov  (see  Curves  41.1  and  2). 

Sources:  ALEKVA80SDP,  ARCYES580SD,  ARCYES62ISJ,  BE  LOSV59AFL, 

'RINlfi  L47SOS,  VINOAI55PAP. 

3.5  Spectral  reflectance  of  semi-desert  and  desert  vegetation 

The  plants  of  the  semi-desert  and  desert  zone  can,  with  respect  to  their 
reflectance  characteristics,  be  broken  down  roughly  Into  two  groups: 

1.  Meeophytlc  plants,  occurring  in  depressions  over  lenses  of  fresh 
groundwater.  They  are  darker,  have  a  greater  amount  of  plant  mass  and  cover 
the  soil  more  densely  than  the  plants  of  group  2. 

2.  Xevophytic  and  halophytic  plants,  growing  on  the  upland  between  de¬ 
pressions  or  Lr.  depressions  with  saline  groundwater  underneath.  They  have  a 
less  saturated  green  color,  their  leaves  are  narrow  or  absent  completely  and 
they  may  he  covered  by  salt  precipitations. 

As  a  result,  there  usually  exists  In  any  one  area  a  good  contrast  between 
the  two  groups,  the  former  haring  s  relatively  low  (31/2  -  7  %),  the  latter  a 
relatively  high  risible  light  reflectance  (6  -  13%).  In  roost  cases,  the  contrasts 


are  somewhat  higher  in  the  red  spectral  region  (about  1  :  2)  than  in  other  parts 
c(  the  visible  spectrum  (about  1  :  1.5  -  1.7). 

Semi-desert  and  desert  plant  also  undergo  seasonal  changes.  During 
summer,  the  vegetation  on  the  higher  lying  terrain  (lor  a  description  of  relief 
features  of  the  semi-desert  zone  see  section  2.6)  dries  out  and  becomes  sparser. 
At  the  same  time,  the  vegetatlonal  cover  in  fresh  groundwater  depressions  is 
still  dense  and  green.  Later  in  the  year,  the  meadow  vegetation  in  the  depres¬ 
sions  may  also  turn  its  color  and  become  leas  dense.  Due  to  the  reflectance  of 
the  bare  soil,  however,  the  contrast  between  depressions  and  upland  is  then 
rather  enhanced  than  reduced.  Although  no  reflectance  measurements  were  carried 
out  in  fall,  R.S.  Arcybashev  concludes  that  the  season  does  not  have  a  decisive 
influence  on  the  separability  of  vegetation  types  except  for  wintertime.  Spring 
and  summer  give  better  contrasts  between  the  vegetation  in  depressions  with 
fresh  groundwater  and  that  in  depressions  with  saline  groundwater,  howeyer. 

For  the  infrared  spectral  region  only  a  few  data  are  available.  Nothing 
can  be  said  with  respect  to  a  comparison  of  the  Infrared  reflectance  of  the  two 
vegetation  groups  mentioned  above.  On  the  other  hand,  it  can  be  concluded  that 
contrasts  between  soils  and  vegetation  are  lower  in  the  infrared  (see  examples 
in  Dlags.  107  and  108)  than  in  the  visible  region,  so  that  infrared  air  photography 
does  not  give  good  results.  For  a  separation  of  vegetation  and  Boils,  E.8. 
Arcybehev  again  recommends  the  use  of  tie  red  spectral  band.  In  Borne  cases, 
however,  this  may  give  excessive  contrasts,  as  for  sand  areas,  where  the  ratio 
between  the  brightness  of  bare  sand  in  the  red  wavelengths  and  that  of  vegetation 
may  be  as  high  as  5  :  1.  Under  such  circumstances  the  use  of  the  green  spectral 
region  will  give  better  results. 

Due  to  the  high  consistency  of  reflective  contrasts  between  mesophyttc  and 
xero-  and  halophyttc  vegetation,  the  vegetational  cover  is  a  very  useful  indicator 
for  groundwater  surveying.  Also  most  soils,  though  having  a  higher  general  re¬ 
flectance  than  vegetation,  follow  this  pattern:  Solis  over  fresh  groundwater  reflect 
less  light  than  saline  soils.  An  exception  to  the  rule  are  sand  deposits  which  have 
the  highest  reflectance  of  all  investigated  objects,  but  Indicate  the  presence  of 
fresh  groundwater.  Data  on  lue  reflectance  of  vegetation  and  soil  types  indicating 
either  fresh  or  saline  groundwater  have  been  compiled  for  spectral  intervals  in 
Table  23.  This  table  also  contains  references  to  corresponding  spectral  curves. 

It  should  also  be  noted  that,  similarly  to  what  has  been  said  for  trees 
(see  section  3.1.11),  reflectance  measurements  taken  on  single  plant  leaves  or 
branches  do  not  permit  reliable  predictions  of  air  photographic  tones.  An  example 
is  provided  by  Diag.  42,  where  the  first  curve  shows  the  spectral  reflectance  of 
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Table  23  Rsflectanoe  of  bob*  vegetation  anJ  soil  types  of  the  seai- 

-  desert  boob,  which  hare  Indicator  value  for  groundwater 

survey lag  (based  on  data  reported  in  ARC7B361SBL  and 
ARCYES62ISJ) 

3R0  *  Spectral  refleotanoe  curve 

*  »  Data  inoeaplete  ior  spectral  interval  epeoifled 


Type  of  indicator 

Refleotanoe  in  £ 

Spectral  region 

Blue 

Oreen 

Red 

Visible 

SRO  no. 

Wavelength  (b^l) 

430-490 

510-590 

610-690 

430-690 

A.  I  n  d  l 

o  a  t  o  r  s  o 

f  f  r 

»  s  h  g  r  o  u  n 

d  w  a  t 

e  r 

Meadow  chestnut  soil 

8.5 

11.7 

13.6* 

11.3* 

70.1 

Crested  wheat  grass 

3.9 

5.8 

7.5* 

5.7* 

7J.2 

Couch  grass  (probably 
quack  grass) 

3.0 

4.9 

7.8* 

5.3* 

70.3 

Earkkan  sand,  top  a 
id. ,  top  b 

17.5 

13.8 

23.3 

20.5 

28.3 

26.6 

23.4 

20.8 

73.1 

id. ,  slope 

10.0 

15.8 

18.5 

15.1 

Stable  cover  sand 

11.2 

13.2 

14.8 

13.2 

Deflation  basin  with 
vegetation 

7.2 

8.6 

9.4 

8.5 

Reed 

5.3 

8.8 

5.1 

6.5 

73.2 

Caael's  thorn 

4.3 

7.6 

6.1 

6.1 

Tanarisk 

3.5 

7.4 

6.6 

6.0 

73.3 

Ruderal  herbs  on  flood 
plain 

2.7 

7.8 

4.1 

5.0 

68.1 

e 

l 

! 

O 

association 

1.7 

5.0 

3.5 

3.5 

68.2 

Sand  polyn 

6.0 

8.0 

7.0 

7.1 

72.2 

Woodneu  and  blue  grass 

5.4 

7.5 

6.1 

6.4 

75.2 

Licorice 

4.6 

6.8 

5.2 

5.6 

75.3 

B.  I  r  d  i 

oators  of 

’sal 

ine  groux 

d  w  a  1 

e  r 

Selins  aeadow-oheetnut  soil 

12.4 

15.8 

19.0* 

15.7* 

71.1 

Wormwood  (probably  blaok 
polyn) 

6.6 

10.3 

12.2* 

9.7* 

71.2 

Salt-toleratirq  oouoh 
grass 

7.0 

10. C 

12.4* 

9.8* 

71.3 

Bijurgun  association 

9.0 

14.0 

15.6 

13-1 

74.1 

White  polyn  association 

3.2 

o.8 

7.2 

5.9 

74.2 

White  polyn 

7.4 

10.3 

9.2 

9.1 

Old  river  bed 

12.6 

15.3 

17.4 

15.3 

Annual  saltwort 

10.1 

14.4 

14.8 

13.3 

75.1 
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branches  of  black  saxaul,  which  were  in  full  sunlight  and  covered  the  angular 
field  of  the  measuring  Instrument  completely.  Curve  II  was  obtained  for  a  whole 
shrub.  The  latter  curve  is  considerably  lower,  indicating  the  Influence  of  the 
structure  of  the  shrub  (especially  shadows)  on  its  brightness. 

The  reflectance  measurements  reported  above  obviously  have  been  taken 
on  whole  plants  or  groups  of  plants,  although  this  Is  not  said  specifically  by  the 
Russian  author.  Due  to  the  relatively  low  density  ot  many  Individual  plants  and 
of  the  vegetatlonal  cover  as  a  whole,  the  underlying  soil  surface  will  always  affect 
the  measurements  to  a  lower  or  higher  degree.  Thin  may  explain  the  flab  as  ct 
many  spectral  reflectance  curves  without  the  clear  maximum  and  minima  other¬ 
wise  typical  for  vegetation  (see  especially  Curves  70.2  and  3  and  71.2  and  3). 


Sources: 


ARCYES61SKL,  ARCYES62ISJ,  LJALKESOIOP. 


103 


4.  Results  of  measurements:  Solis  and  road  surfaces 


In  his  book  on  the  spectral  reflectance  of  natural  formations,  E.L.  Krinov 
made  an  attempt  at  classifying  the  formations  in  a  number  of  categories  accord¬ 
ing  to  their  spectral  characteristics.  He  suggested  that  all  bare  areas  and  soils 
could  be  grouped  together  because  their  spectral  curves  have  one  thing  in  common. 
They  all  show  a  gradual  upward  slant  from  the  short  wave  end  of  the  visible 
spectrum  into  the  near  infrared,  whereby  different  types  of  surfaces  differ  among 
themselves  tn  the  height  of  the  curve  on  the  ordinate  (reflectance  axis)  and  in 
the  slope  of  the  curve.  The  latter  may  vary  between  practically  zero  (the  curve 
then  being  more  or  less  horizontal  to  the  abscissa  i.e. ,  the  wavelength  axis) 
and  very  high  steepness.  The  data  presented  here  on  soils  and  road  surfaces 
are  in  agreement  with  Krinov's  conclusion.  The  height  and  the  slope  of  curves 
may  be  dependent  on  a  variety  of  factors.  These  will  be  discussed  in  the  follow¬ 
ing  sections. 


4.1  Spectral  reflectance  of  soils 

In  a  manner  similar  to  the  procedure  in  the  part  on  vegetation,  we  shall 
first  discuss  results  of  analytical  Investigations,  concerning,  for  example,  the 
influence  of  soil  moisture,  soil  texture,  etc.  on  reflectance,  and  then  report  on 
studies  dealing  with  a  comparison  of  various  soi’  types. 

4.1.1  Reflectance  as  a  function  of  soil  texture 

In  order  to  assess  the  effects  of  soil  texture  on  reflectance  of  visible 
light,  J.S.Tc!chelrnikov  and  L  N.  Belonogova  made  investigations  on  a  number  of 
samples  prepared  by  separating  pure  minerals  in  some  grain  size  classes.  The 
results  of  this  research  are  presented  in  Table  2*  (integral  reflectance  values) 
and  L  ags.  82  -  87  (spectral  reflectance  curves).  In  each  diagram  three  curves 
are  shown  for  one  mineral,  representing  the  following  texture  classes:  1. 
Particles  smaller  than  0.1  mm  in  diametei;  2.  0.25  -  0.5  mm,  and  3.  1.0  - 
3.0  mm.  The  minerals  investigated  are  microcline  (Diag.  82),  quartz(Dlag.  83), 
btotite  (Diag.  84),  muscovite  (Diag.  85),  garnet  (Diag.  86)  and  epidote  (Diag.  87). 

It  can  be  seen  In  all  cases  that  a  decrease  of  grain  size  results  in  an 
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^1*  24  Visible  light  reflectance  {%)  of  various  g~*anulonetric 
fractions  of  soae  Minerals  (based  on  data  reported  in 
BE10IH59Z3J  and  TG1CJS60FFT ) 

SRC  =  Speotral  refleotanoe  curve 


Mineral 

Fraction  (an 

> 

<0.1 

0.1-0.25 

0.25-0.5 

O.s-l.o 

1. 0-3.0 

SRC  no. 

Miorooline 

71.3 

61.2 

53> 7 

— 

44.9 

62.1/  - 
82.2/  - 
82.3/ 

Quarts 

93.1 

85.4 

74,4 

69.6 

61.7 

83.1/  - 
83.2/  - 
83.3 

Biotite 

7.4 

6.7 

5.8 

5.0 

4.4 

84.1/  - 
84.2/  - 

84.3 
85.1/  - 
85.2/  - 

85.3 

Muscovite 

60. 0 

51.0 

40.0 

27.4 

23.9 

Garnet 

19.7 

11.6 

6.6 

4.9 

2.4 

86.1/  - 
86.2/  - 
86.3 

Epiaote 

30-3 

19.6 

13.2 

6.6 

87.1/  - 
87.2/  - 
87.3 

increase  of  reflectance.  This  increase  is  caused  by  heavier  light  scattering  and 
lower  e:4tnction  of  light  passing  through  the  particles.  Also,  the  area  covered 
ov  — .icroshadows  occurring  between  particles  under  oblique  illumination  becomes 
smaller.  This  fact  is  in  contrast  to  experiences  made  with  air  photographic 
tones.  On  air  photos,  finely  textured  soil  materials  usually  have  a  darker  tone  than 
coarse  soils.  This,  however,  is  the  result  of  either  a  higher  water  retention  or 
a  higher  content  of  organic  matter  or  both  in  the  former,  i.e.,  differences  in 
soil  moisture  (see  section  4.1.2)  and  humus  content  (sec  section  4.1.3)  in  general 
overshadow  differences  in  soil  texture. 

The  shape  of  the  Bpectral  curves  does  not  change  very  much  from  or.e 
grain  slue  category  to  another.  Quartz,  btetite  and  muscovite  have  a  neutral 
color  (i.e.,  horizontal  spectral  curves)  in  all  cases  anyway.  A  slight  change  of 
color  can  oe  observed  for  mlcrocline  and  epidot1' 


Sources:  BE LOXN59ZSJ,  TOLCJSOOFFT,  TOI/C J8G6DAP. 
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4.1.2  Reflectance  as  a  function  of  soil  moisture 

For  an  ivestigatlcn  of  tne  influence  of  soil  moisture  on  reflectance, 
J.S.ToIchel'nlkov  :y  sparse?  a  series  of  samples  with  various  degrees  of  moisture 
(for  a  description  of  the  preparation  oi  samples  see  section  1.6.1),  using 
material  from  a  number  of  different  soil  types  common  in  northern  Kazakhstan 
(compare  with  section^  2.5). 


Fig.  35 

Dependence  of  visicle  light  re¬ 
flectance  on  soil  moisture  content 
for  a  number  of  different  soil  types 
(from  70LC-!8flQFFT). 

104  and  77  -  Gley  soloth,  heavy 
loam,  78  and  75  =  common  cherno¬ 
zem,  clay,  14  =  humic  gley  soil, 

4  =  heavily  podzollzed  sand,  9  and 
1  *  podzoilzed  sanay  loam,  14  a  = 
podzolized  light  loam. 


Fig.  36 

Dependence  of  light  reflectance  on 
soil  moisture  for  takyr  soils  (from 
BELOIN58NFI). 


1  -  600  -  700  m/u,  2  =  400  -  700 
myu,  3  *  400  -  500  m  fi., 


Table  25  Analytic  and  reflectance  data  for  soil  samples  used  to  determine  the  iafluenc 
-  of  humus,  iron  oxides  and  moisture  on  reflectance  (from  T0LCJ360PPT) 
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The  result*  of  the  determination  of  visible  light  reflectance  as  a  function 
of  moicture  content  are  shown  for  ten  different  soil  types  in  Fig.  35  and  36. 

Data  describing  the  granulometric  and  chemical  composition  as  well  as  the 
moisture  capacity  of  soil  samples  are  provided  in  Table  25.  The  following  con¬ 
clusions  can  be  drawn: 

1.  Completely  air  dry  soils  have  the  highest  reflectances.  The  height  of 
this  maximum  depends  on  the  type  of  soil,  however. 

2.  Until  the  hygroscopic  moisture  content  (see  values  in  Table  25)  is 
reached  there  is  almost  no  change  of  reflection  intensity. 

3.  Adding  more  moisture  results  in  a  heavy  decrease  of  reflectance, 
especially  between  the  state  of  maximum  hygroscopic  moisture  and  that  of  double 
this  amount.  Within  this  interval  the  decrease  is  approximately  inversely  propor¬ 
tional  to  the  increase  of  moisture  content.  It  is  caused  by  the  water  which 
surrounds  the  soil  particles  to  an  increasing  extent  and  absorbs  light. 

4.  The  location  of  this  interval  of  greatest  change  of  brightness  with 
respect  to  the  moisture  axis  depeids  on  the  type  of  soil.  For  sandy  loams  this 
change  occurs  between  0.3  and  2  -  3  %,  for  light  clay  loams  between  2.0  -  2.5 
and  11  -  12  %,  for  clays  between  4-5  and  20  -  25  %  and  for  humic  giey  soils 
between  7  and  30  %  moisture. 

5.  The  size  of  change  also  Spends  on  soil  type.  The  decrease  of  bright¬ 
ness  Is  greatest  for  dark  soils,  i.e.,  soils  having  a  high  humus  content.  For 
example,  the  reflectance  of  the  gley-  soloth  soli  no.  104  (see  Fig.  35)  dropped 
from  31  to  12  %  between  0  and  17  %  moisture.  For  sample  no.  75,  which  is  a 
common  clayey  chernozem,  the  corresponding  drop  is  from  12  to  5  %  only. 

6.  If  the  water  content  of  soils  exceeds  field  capacity  reflectance  becomes 
more  intensive  again.  The  soils  are  now  covered  by  a  thin  film  ot  water  which 
gives  rise  to  a  certain  amount  of  specular  reflection. 

In  order  to  investigate  whether  or  not  the  color  of  soils  is  affected  by  a 
change  of  moisture,  V.  L.  Andronikov,  I.  N.  Belonogova  and  J.S.Tolchel’nlkov  con¬ 
ducted  a  number  of  spectral  measurements  on  soil  samples  from  various  areas 
of  the  forest  steppe,  the  steppe  and  the  desert  zone.  In  Diags.  88  -  92  spectral 

reflectance  curves  are  shown  for  a  common  chernozem,  a  chestnut  soil,  a  takyr 
18) 

soil  ',  a  light-gray  forest  soil,  and  a  podzolized  chernozem,  each  at  three 
different  states  of  moisture.  Except  for  a  slight  tendency  of  the  yellow-red  com¬ 
ponent  to  become  more  pronounced  relative  to  the  remainder  of  the  spectrum,  the 
shape  of  the  curves  does  not  change  with  an  alteration  of  the  moisture  content.  It 
can  be  concluded  that  the  color  of  soils  is  not  Influenced  significantly  by  a  varia¬ 
tion  of  moisture.  For  a  comparison,  see  also  Fig.  36,  where  the  change  of  in- 
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tegral  reflectance  as  a  function  of  moisture  content  Las  been  plotted  not  only  for 
the  visible  spectrum  as  a  whole,  but  also  for  the  400  -  500  m  p  snd  the  600  - 
*00  m/a  spectral  intervals. 

Two  further  examples  for  the  influence  of  moiuture  an  reflectance  are 
provided  by  Diag.  81  (yellow  sand,  wet  and  dry)  and  Diag.  93  (fallow  field,  dry, 
moist  alter  harrowing  and  wet  after  rainfall).  In  cant  st  to  the  previous  data, 
these  latter  resuits  were  obtained  under  natural  conditions  by  taking  measurement 
on  the  ground  and  from  the  air,  respectively. 

Sources:  ALEKVA60SDP,  ANDRV L58SPL,  BE  LOIN58NFI,  BEL06V59AFL, 
TOLCJS60PFT,  TOLCJS86DAP. 

4.1.3  Reflectance  as  a  function  of  humus  and  irtxi  oxide  content 

J.  S.Tolchel’nikov,  in  his  systematic  studies  on  the  reflectance  of  soils, 
also  investigated  the  influence  of  humus  and  iron  oxide  content,  hi  order  to 
analyze  the  parts  played  by  the  individual  components,  he  measured  the  spectral 
reflectance  of  extractions  of  humic  and  fulvic  acid  and  of  pure  samples  of 
hematite  (FejOj)  and  magnetite  (Fe^O^).  The  spectral  reflectance  of  humic  acid 
(Curve  2  in  Diag.  7?)  is  characterized  by  a  low  intensity  throughout  the  whole 
visible  spectrum  and  color  neutrality,  as  can  be  seen  from  the  horizontal  course 
of  the  curve.  The  properties  of  fulvic  acid  (Curve  77.1)  are  different.  Its  re¬ 
flectance  increases'  from  about  6  %  at  the  blue  end  to  about  21  %  at  the  red  end 
of  the  spectrum. 

The  spectral  characteristics  of  iron  oxides  depend  very  much  on  the  de¬ 
gree  of  oxidation  and  hydration  of  the  Iron  ions.  Magnetite  (Fe^C^),  being  a 
mixture  of  bivalent  and  trivalent  iron,  is  black  with  a  slight  blue-green  tint  as 
can  be  seen  from  the  shape  of  Curve  2  In  Diag.  78.  Hematite  (Fe^O^),  on  the 
other  hand,  is  colored  distinctly  red  and  the  reflectance  increases  from  about 
2l/2  %  In  the  blue  to  about  13  %  in  the  red  region  (Curve  78.1).  For  a  com¬ 
parison,  see  also  the  similar  curve  for  limonite  (Fe'OH)^)  In  Diag.  103  (Curve  3). 

Tolchel'nikov  then  collected  samples  from  soils  developed  all  on  the  same 
type  of  sediment,  a  loess- like  deposit,  so  that  the  granulometric  and  the  mineral 
composition  remained  approximately  constant.  Besides  the  natural  soil  samples, 
two  samples  were  prepared  artificially,  one  from  which  all  organic  matter  and 
iron  oxides  were  removed  (no.  150)  and  one  from  the  combination  of  equal  amounts 


of  humic  acid,  fulvtc  acid,  regO,  and  F«304  (no.  100).  All  samples  were  dried 
and  their  total  visible  light  reflectance  was  determined.  The  results  are  pre¬ 
sented  in  Fig.  37  and  Table  25.  The  regular  distribution  of  points  in  the  plot 


Fig.  37  Dependence  of  visible 
light  reflectance  on 
humus  and  iron  oxide 
content  fcr  heavy  loamy 
soils  (from  TOLC.TS60PFT). 


demonstrates  that  the  general  brightness  is  governed  by  the  sum  ot  humus  and 
iron  oxides.  This  can  be  explained  by  the  fact  that  both  components  reflect  light 
similarly  and,  also,  that  there  occur  only  small  variations  in  the  humus  iron 
oxide  ratio  in  the  soils  of  the  study  area.  A  brightness  maximum  was  observed 
for  the  sample  devoid  of  humus  and  iron  oxide  (58  %).  The  reflectance  then 
decreases  with  increasing  content  of  these  two  substances.  The  most  rapid 
change  occurs  between  O  and  10  %  humus-iron  oxide  content.  Afterwards,  the 
drop  in  brightness  gets  gradually  smaller.  Between  10  and  100  %  humus-iron 
oxide  the  reflectance  changes  from  10  to  6  %  only.  This  behaviour  is  tht  result 
of  the  physical  properties  of  humus  and  iron  oxides.  Both  are  distributed  in  the 
soil  in  colloidal  form  and  envelope  the  mineral  grains  and  microaggregates  as 
a  thin  layer.  When  their  content  is  low,  a  large  part  of  the  grain  surfaces  is 
uncovered,  and  a  small  change  of  the  amount  of  humus  and  iron  oxide  brings 
about  a  considerable  change  of  brightness.  Once  the  particles  are  covered  by  a 
continuous  layer,  an  increase  of  the  humus-iron  oxide-percentage  has  practically 
no  visible  effect  any  more. 

It  should  be  noted  that  the  curve  in  Fig.  37  is  based  on  samples  of  clayey 
soil  only.  Coarse-grained  material  with  an  equal  amount  of  humus  and  iron  oxide 


would  be  darker  and  the  drop  of  the  reflectance  curve  with  increasing  humus- 
iron  oxide-content  would  be  steeper. 

The  spectral  reflectance  characteristics  of  soils  are  governed  basically 
by  the  ratio  humus/iron  oxide.  For  a  low  ratio,  spectral  curves  have,  in 
general,  a  distinct  maximum  in  the  red  spectral  zone,  because  then  the  color  of 
FegOg  dominates.  An  increase  of  the  humus  content  relative  to  the  iron  oxide, 
i.e.,  an  increasing  ratio,  levels  out  the  spectral  csrve  more  and  more,  fit  addi¬ 
tion,  the  type  of  the  organic  material  present  in  the  soil  lia?  also  an  influence  on 
the  spectral  distribution  of  reflected  light.  As  would  be  expected  from  the  curves 
shown  in  Diag.  77,  soils  with  a  dominance  of  fulvic  acid  reflect  more  intensively 
in  the  red  band  than  in  the  rest  of  the  visible  spectrum.  Examples  for  the 
spectral  reflectance  of  different  types  of  soils  having  various  humus/iron  oxide 
ratios  and  contents  of  fulvic  and  humic  acid  will  be  given  in  section  4.1.8. 

Sources:  LJALKSS02OP,  TOLCJSCOPFT,  TOLCJS86DAP. 


4.1.4  Reflectance  as  a  function  of  rlneralogical  composition  of  soils 

In  section  4.1.1  we  discussed  for  a  number  o:  different  minerals  the  de¬ 
pendence  of  general  brightness  upon  grain  size  as  reported  by  J.S.Tolchel'nikov. 
hi  Diags.  79  and  80  the  spectral  reflectances  of  these  minerals  are  directly 
compared  for  the  fraction  with  particles  smaller  than  0.1  mm.  Average  per¬ 
centage  reflectance  for  the  bte£,  the  green  and  the  red  spectral  interval  as  well 
as  for  the  whole  visible  spectrum  are  given  in  Table  2S.  Quartz,  biotite  and 

Table  26  Refleotanoe  of  various  minerals  for  the  granulometric  class 

— . .  .  -«  0.01  as*  in  seleoted  spectral  intervale  (based  on  data 

reported  in  TQLC<Jb60FPT) 

SRC  -  Spectral  refleotanoe  curve 


Mineral 

Refleotanoe  iu  % 

SRC  no. 

Spectral  region 

Blue 

Green 

Fed 

Visible 

Wavelength  (op) 

430-490 

510-590 

610-670 

430-670 

Quarts 

92.9 

93.0 

'.>3.5 

93.1 

79.1 

Biotite 

7.4 

7.4 

7.4 

7.4 

79.2 

Muscovite 

59.3 

60.3 

60.2 

60.0 

79.3 

Mloroaline 

61.4 

71.7 

80.7 

71.3 

80.1 

Garnet 

U.O 

18.3 

30.3 

19.7 

eo.2 

Spidote 

18.6 

34.7 

36.5 

30.3 

80.3 

Ill 


muscovite  are  completely  spectrally  neutral  or  nearly  so,  whereas  mlcrocline, 
garnet  and  epidote  have  curves  which  slop&  upward  from  the  blue  to  the  red 
part  of  the  spectrum.  Also  orthoclase,  the  spectral  reflectance  curve  of  which 
Is  not  shown  here,  has  a  maximum  In  the  yellow  and  red  region.  The  dif¬ 
ferences  with  respect  to  general  brightness  are  great,  quartz  being  the  brightest 
(93  %  reflectance)  and  blotlte  the  darkest  (7  %)  among  the  minerals  investigated. 

It  must  be  expected  that,  as  a  result  of  these  variations,  soils  de¬ 
veloped  on  parent  materials  differing  from  each  other  with  respect  to  mineralo- 
glcal  composition  will  be  reproduced  in  contrasting  tones  on  air  photographs. 

As  a  matter  of  fact,  soils  having  different  spectral  intensities  show  up  in  dif¬ 
ferent  colors  on  coior  air  photos,  i.e.,  they  may  have  red,  yellow  or  gray 
color  tones.  As  an  example,  see  in  Diag.  97  the  spectral  curves  of  three  soils 
being  approximately  equal  with  respect  to  texture  (loamy  sand),  but  differing  in 
color.  The  color  change  is  probably  mainly  due  to  variations  in  mineralogical 
composition.  Its  influence  cm  spectral  reflectance  and,  hence,  on  color  should 
not  be  overestimated,  however.  Differences  in  spectral  reflection  characteristics 
are  not  only  caused  by  variations  in  the  content  of  minerals,  but  also  by  otinr 
factors,  among  these  especially  humus  and  iron  oxide  concentration.  In  northern 
Kazakhstan,  for  example,  a  consistent  correspondence  between  color  tone  and 
mineralogical  composition  is  confined  to  the  hills,  where  various  geological 
strata  crop  out.  For  the  majority  of  the  level  terrain  loess-like  sediments 
form  the  parent  material  and  here,  small  differences  in  content  of  minerals  do 
not  produce  significant  tonal  changes  on  air  photos  (compare  with  section  5.1), 
On  the  other  hand,  M.  A.  Romanova,  in  her  study  on  the  possibilities  of  sur¬ 
veying  sand  deposits  in  west  Turkmenia  and  the  northwest  Caspian  region  from 
the  air,  came  to  the  conclusion  that  she  was  able  to  determine  the  mineralogical 
composition  of  deposits  from  spectral  reflectance  curves  by  applying  regression 
and  correlation  techniques.  Since  her  work  is  available  as  an  English  transla¬ 
tion  (ROMAMA64ASS)  we  shall  not  go  into  details  here. 

Sources:  ALEKVA60SDP,  ROMAMA6 20TS ,  (English  translation:  ROMAMA04ASS) 
TOLCJS60PFT. 

4.1.5  Reflectance  as  a  function  of  soluble  salt  content 

Soils  in  arid  areas  ray  have  a  high  salt  content  which  affects  re¬ 
flectance.  This  influence  is  especially  pronounced  if  a  salt  crust  is  formed  on 
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the  soil  surface.  Dlag.  76  shows  the  spectral  reflectance  curves  for  three 
types  of  soluble  salts  common  In  soils,  namely  sodium  carbonate  (NajCOg), 
sodium  chloride  (NaCl)  and  potassium  hydrogen  sulfate  (KHSO^).  All  these  s^lts, 
being  white  materials,  have  an  almost  uniform  and  very  high  reflectance  (65  - 
86  %)  throughout  the  whole  visible  spectrum.  As  a  result  of  this  color  neutrality, 
soils  containing  free  salts  do  not  change  their  spectral  characteristics,  unless 
the  salts  form  a  compact  superficial  crust  (see  Curve  102.2),  but  they  become, 
of  course,  considerably  brighter. 

To  investigate  this  change  of  brightness.  J.S.TolchelWkov  prepared  a 
number  of  artificial  soil  samples  by  taking  material  from  a  base  saturated 
meadow  soil  and  adding  various  amounts  of  calcium  carbonate.  To  simulate 
natural  conditions  as  closely  as  possible  the  samples  were  moistened  and  dried 
repeatedly.  The  results  of  the  reflectance  measurements  made  on  these  samples 
are  reported  in  Table  27.  It  can  be  seen  that  reflectance  in  %  is  approximately 

Table  27  Bependenoe  of  soil  reflectance  on  calcium  carbonate 
- -  content  (from  T0LCJ360PPT) 


CaCO-j  content  in  % 

Befleotance  in  % 

0.0 

2.7 

0.5 

3.0 

2.5 

4.3 

5.0 

5.5 

12.5 

7.5 

25.0 

12.0 

50.0 

25.0 

directly  proportional  to  CaCQj  content  in  %.  It  should  be  noted  that  this  rule 
holds  only  for  free  salt.  Adsorbed  cations  do  not  have  an  Influence  on  soil 
reflectance  directly.  They  may,  however,  affect  reflectance  indirectly  by  chang¬ 
ing  the  surface  structure  of  soils.  This  will  be  discussed  in  section  4.1.6. 

The  Influence  of  a  surface  salt  crust  on  reflectance  is  illustrated  by 
Diags.  101  and  102,  which  are  based  on  dat  collected  by  K.S. Ljallkov  and  I.N. 
Belonogova  in  southwest  Turkmenia.  Curve  101.1  represents  the  spectral  re¬ 
flectance  of  a  dark-gray  clay  soil  which  l«  covered  by  a  thin  salt  crust.  Curve 
101.2  shows  the  spectral  characteristics  of  the  same  soil,  but  after  removal  o( 
the  crust.  The  crust  Intensifies  reflectance  2  to  3  times.  Curve  102.2  represents 
a  fresh  and  moist  suit  crust  which  covers  the  soil  completely,  so  that  the  re¬ 
flectance  is  high  and  neutral  (80  %).  The  reflectance  of  the  same  type  of  surface 


when  soiled  by  sand  and  dust  is  given  by  Curve  102.3.  Compared  with  the 
previous  curve,  it  is  lowered  by  a  (actor  of  1.3  to  2.5.  Also,  as  a  result  of 
the  characteristics  of  the  soiling  material,  the  shape  of  the  curve  changes  and 
now  slopes  upward  toward  the  red  end  of  the  visible  spectrum. 

Sources:  UALKS60IOP,  TOLC-360PFT,  TOLCJS66DAP. 

4.1.6  Reflectance  as  a  function  of  surface  structure 

Differences  in  physical  and  chemical  properties  of  soils  manifest  them¬ 
selves  in  differences  of  surface  structure  (Russ.:  "faktura").  For  example,  the 
surface  of  common  chernozems  is,  in  general,  flat  and  has  only  a  few  narrow 
cracks  here  and  there  (see  a  In  Fig.  38).  Heavily  solonited  chernozems, 
on  the  other  hand,  have  a  clumpy  structure  with  large  craexs  (see  b  in  F’~.  38). 
On  so  lone  tz  soils  <me  finds  a  dense  network  of  narrow  and  broad  fissures,  where¬ 
by  the  polygons  in  between  have  a  smooth  surface  (see  c  in  Fig.  38).  The  surface 
of  solonchaks  is  almost  structureless  and  covered  by  salt  efflorescences  (see  d 
in  Fig.  38).  Differences  lr  surface  structure  are  much  more  prcaounced  on  un¬ 
disturbed  soils,  but  they  can,  to  some  extent,  also  be  observed  on  plowed  fields. 

Due  to  the  presence  of  microshadows,  rough  surfaces  appear  as  a 
mosaic  of  bright  and  dark  areas.  One  factor  governing  the  overall  reflectance  of 
such  surfaces  Is  the  Intensity  of  light  remission  from  individual  shadow  and  light 
areas.  In  Table  23  the  percent  reflectance  of  microelements  of  some  soli  types 
is  shown.  It  can  be  seen  that  shadow  areas,  l.e.,  areas  not  receiving  direct 
sunlight,  have  a  brightness  which  is  about  10  times  lower  than  that  of  areas  illu¬ 
minated  by  the  sun.  Deep  and  wide  cracks  on  the  soil  surface  are  even  darker. 

The  ratio  between  illuminated  and  shady  areas  depeuds  on  day-time 
(l.e.,  the  sun's  altitude),  cloudiness  and  other  factors.  The  more  cracks  on  a 
surface  and  the  lower  the  son,  the  darker  the  appearance  of  this  surface,  be¬ 
cause  shadow  areas  Increase  at  the  expense  of  light  areas.  J.S.Tolchel'n'kov 
made  Investigations  on  the  Influence  of  surface  structure  on  photo  tone  under 
field  conditions  In  northern  Kazakhstan.  He  took  large-scale  terrestrial  photo¬ 
graphs  (1  :  T)  and  measured  on  them  the  area  covered  by  shadows  In  percent. 
Some  of  his  results  are  provided  by  Table  29.  Tolchal’nikov  noted  that  during 
"air  photographic  hours"  the  extent  of  the  areas  lying  In  the  shadow  did  not 
change  more  than  5  -  6  %  and  concluded  that,  witht ;  ertaln  limits,  the  change 
of  solar  altitude  does  not  affect  overall  reflectance  significantly. 
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Fig.  38 

Terrestrial  photos 
showing  the  surface 
structure  of  various 
types  of  soil.  Scale 
approx.  1  :  6  (from 
TOLCJS60PFT). 
a  =  common 
chernozem,  b  = 
heavily  solonized 
chernozem,  n  - 
crust  solonetz,  d  = 
solonchak  with  salt 
efflorescences. 


Table  28  Visible  light  reflectanoe  of  the  microelements  of  various 

-  soil  types  as  observed  on  Sept.  15,  1.00  PM  in  northern 

Kazakhstan  (from  T01CJS60PKT) 


Reflectance  in  % 

Soil  type 

Surfaces 
illuminated 
by  sun 

Surfaces 

in 

shadow 

Cracks  (20  cm 
deep  and  5  on 
wide) 

Podsol 

9.3 

1.0 

Heavily  podsolized  soil 

15.4 

1.2 

Huaio  gley  soil 

4.6 

0.4 

0.1 

— 
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Xfctl*  29  Extent  of  shadow  areas  oreated  by  aurfaoe  structure  of 
—  gome  soils  (from  T0LCJS60EPT) 


%  of  total  area  covered  by  shadowe 

Soil  typs 

oreated  by  surface  structure 
at  10  AN  in  June  and  July 

Ohsrnoseaa 

under  1 

id.,  heavily  solonizsd 

2 

Solonetzs 

5-7 

I. N.  Belonogova  and  B.V.  Vinogradov  studied  the  Influence  of  polygonal 
cracks  on  takyr  soils  In  west  Turkmenia  on  reflectance  and  photo  tone.  The 
larger  but  less  common  elements  of  the  microstructure,  such  as  holes,  knobs 
and  macropolygonal  cracks  can  be  recognized  individually  on  air  photos  with  a 
suff'cior.tly  large  scale.  The  more  frequent  elements  of  the  ultramicrorelief,  as 
the  authors  call  it,  especially  small  cracks,  cannot  be  recognized,  Iwt  they 
have  an  integral  effect  upon  photo  tone.  As  a  rule,  surfaces  with  no  or  only  a 
few  cracks  are  lighter  than  those  with  numerous  cracks.  Heavily  sodic19^  soils 
tend  to  produce  more  and  larger  cracks  than  soils  with  a  lower  content  of  Na 
< ations  in  the  adsorption  complex.  As  an  example,  the  total  length  of  large, 
medium  and  small  cracks  within  an  area  of  1  cm2  is  given  for  two  different 
takyrs  in  Table  SO  (compare  also  with  Fig.  39). 

Table  30  Intensity  of  oraok  formation  in  takyr  soils  (from  BEL0IN38MFI ) 


— 

Type  of  aoil 

Class  of  oraok 3 

Total  length  within 
1  dm2 

Highly  sodlo  takyr 

large  (width  0.5-1  cm) 

18  '301 

aedium  (2-3  am) 

31  am 

small  (oa.  1  mm) 

6o  cm 

Weakly  sodlo  takyr 

large 

0  cm 

aedium 

10  om 

small 

89  om 

S.V.  Belov,  in  an  experiment  carried  out  in  the  Tomsk  region,  also  in¬ 
vestigated  the  influence  rf  surface  structure  on  reflectance.  Artificial  furrows 
were  made  Ln  ry  sand  and  measurements  made  with  the  furrows  perpendicular 
and  parallel  to  the  shadow  direction.  The  results  were  compared  with  the  re¬ 
flectance  of  undisturbed  sand  (see  spectral  curves  in  Diag.  98  and  Fig.  40).  As 


lit.  89  Surface  structure  of  tatyr  soils.  Scale  approx.  1  :  2.5  (from 

BE  L01N58NFI). 

a  *  Highly  sodlc  soil,  b  »  weakly  sodic  soil. 

far  as  the  general  brightness  is  concerned  the  smooth  surface  reflects  light 
roost  intensively,  followed  by  the  surface  with  furrows  parallel  and  that  with 
furrows  perpendicular  to  the  direction  of  cast  shadows.  The  differences  in  all 
three  curves  are  only  small,  however.  It  seems  that,  In  the  last  case,  the 
lower  brightness  of  the  shadow  areas  is  almost  fully  compensated  for  by  the 
higher  brightness  of  the  sloping  surfaces  exposed  to  full  sunltght.  Also,  a  com 
parlson  of  the  three  curves  indicates  that  color  is  not  affected  by  surface 
structure. 
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Fig.  4" 

Terrestrial  photo  of 
artificial  ridges  made  on 
the  surface  of  a  sandy 
soil  with  different  orien¬ 
tations.  Scale  approx. 

1  :  7  (from  TOLCJS60PFT). 
a  =  perpendicular  to  cast 
shadow  direction,  b  =  at 
45°  to  cast  shadow 
direction,  c  =  parallel 
to  cast  shadow  direction, 
d  =  level  surface  without 
ridges. 


Sources:  BELOIN58NFI,  BELOSV59AFL,  ROMAMA620TS  (English  translation: 

ROMAMA64ASS),  TOLCJS60PFT. 

4.1.7  Ar.L:  iar  dependence  of  reflection 

As  early  as  in  the  late  1920's,  V.  S.  Kulebaktn  made  Investigations  on 
how  light  was  scattered  by  various  terrain  surfaces.  This  study  was  undertaken 
In  connection  with  problems  of  artificial  outdoor  illumination,  however,  and 
measurements  were  carried  out  under  high  oblique  angles  only  (30°  angular 
altitude  and  less).  Consequently,  his  findings  have  a  very  limited  application 
only  to  the  case  of  air  photography,  and  we  shall  not  discuss  thorn  here. 

Recently,  J.  S.Tolchel'nlkov  carried  out  measurements  with  a  luxmeter 
(for  the  method  ot  measurement  see  sectton  1.3-1)  in  the  Karakum  depression 
to  invesUgate  the  dependence  of  the  brightness  of  soils  upon  the  angle  of  ob¬ 
servation.  Readings  were  taken  at  oblique  angles  at  15°  intervals  in  two  planes, 
one  perpendicular  and  one  parallel  to  the  cast  shadow  direction.  All  observa¬ 
tions  were  made  on  May  5,  between  32  and  38°  c i  solar  altuude.  The  results 
in  the  perpendicular  plant  are  shown  in  Fig.  41  in  the  form  of  a  light  scatter¬ 
ing  tndicatrlx.  Curve  1  stands  for  a  soianchak,  2  for  a  takyr  and  3  for  sand. 
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Fig.  41  IndicatrL.  tor  the  scattering  of  light  from  three  different  coll  types  in 
a  plane  perpendicular  tc  the  cast  shadow  direction  (from  TOLCJS65IRE). 
i  =  solonchak,  2  <-  takyr,  3  c  sand. 

The  soionchak  looks  darkest  -when  seen  from  vertically  above.  With  an 
increasing:  oblique  angle  of  observation  uiare  is  first  a  more  Intensive  reflec¬ 
tion  of  light.  Later  on  it  remains  about  constant.  The  author  gives  the  follow¬ 
ing  explanation  for  this  findings:  The  spongy  surface  of  the  solonchak  creates 
microshadows  which  are  seer  >q  the  full  extent  in  the  vertical  view,  but  which 
become  more  and  more  hidi  t  an  increasing  deviation  of  the  direction  of  ob¬ 
servation  from  the  vertical.  Eventually,  \ they  are  covered  completely  by 
elements  of  the  microstructure  and  there  \a  .  >  further  change  of  brightness  with 
a  change  o.  angle. 

The  tally .  has  more  orthotropical  properties,  i.e.,  reflectance  changes 

to  a  lesser  degree  with  an  alteration  of  the  angle  of  'hew.  Only  for  extreme 

high  oblique  angles  can  a  slight  Increase  be  observed.  Thij  behavior  Is  due  to 

the  smoothness  of  the  crusty  takyr  surface  from  which  shadow  creating  micro- 

201 

elements  are  auiost  completely  absent.  '  - 

Sand  has  a  regularly  uneven  mat  surface.  Its  light  scattering  indicatrix 
stands,  according  to  the  author,  between  that  of  the  cclonchak  and  that  of  the 
takyr  with  respect  to  the  degree  of  change  wttn  an  alteration  of  the  viewing  di¬ 
rection.  Ftg.  41,  however,  suggests  that  the  chaag  is,  expressed  in  percent  of 
the  reflection  vertically  upwards,  are  greater  for  sand  than  for  the  solor.chak. 
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Fig.  42  Indicatrix  for  the  scattering  of  light  from  three  different  soil  types 
in  a  plane  parallel  to  the  cast  shadow  direction  (from  TOLCJS65IRE). 

1  =  solonchak,  2  =  takyr,  3  •=  sand.  The  arrows  indicate  the  direc¬ 
tion  of  the  incident  sunlight. 

Fig.  42  provides  the  results  of  the  measurements  made  in  the  oarailel 
plane.  Here  the  dependence  of  reflection  on  the  angle  is  much  more  prono  ced. 
The  solonchak  looks  much  brighter  when  seen  in  the  direction  of  the  sun's  il¬ 
lumination  than  from  the  reverse  side.  The  reason  is  that  the  illuminated  sides 
of  the  microelements  are  dominant  in  the  first  case,  the  shady  sides  in  the 
second  case.  The  takyr  surface  behaves  conversely:  Due  to  the  smoothness  of 
its  surface  there  is  a  certain  amount  of  mtrror-llke  reflection.  Finally,  the 
sand  surface  reflects  light  in  an  almost  diffuse  manner,  i.e.,  reflected  light 
is  scattered  abort  equally  in  all  directions.  This  is  in  good  agreement  with 
bindings  of  M.  A.  Romanova.  She  reports  that  sand  constitutes  a  nearly  ortho- 
troplcally  reflecting  surface  and  that  its  incHcatrix  remains  spherical  as  long 
as  the  angle  of  return  dees  not  deviate  more  than  50°  from  the  vertical  (see 
also  indicatrices  of  diffusion  for  barkhan  sand  published  in  ROMAMA64ASS). 

Sources:  KULEVS29BAB,  KULEVS30LRE,  R0MAMA620TS  (English  translation: 
ROMAMA34ASS),  TOLCJS65IRE. 
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4.1.8  Comparison  of  soil  types 

The  most  comprehensive  comparative  study  to  date  on  the  spectral  re¬ 
flectance  of  soils  of  various  geographical  zones  has  been  carried  out  by  J.8. 
Tolchel’nlkov.  This  research  was  combined  with  an  analytical  investigation  of 
individual  factors  affecting  reflectance,  the  results  of  which  we  have  reported 
in  the  previous  sections.  The  following  )s  a  summary  of  the  most  important 
findings: 

1.  Soil  components  which  lower  the  general  reflection  of  visible  light  are 
humus  and  iron  oxides. 

2.  Components  which  give  rise  to  an  increase  in  gens,  al  reflectance 
include  quartz,  carbonates,  bicarbonates,  chlorides,  kaollnite  and  alumina. 

3.  The  wavelength  dependence  of  light  reflection  is  governed  in  the  first 
place  by  the  humus/lron  oxide  ratio.  SoilB  with  a  low  ratio  J  rnd  to  have  a 
distinct  reflection  maximum  in  the  red  spectral  zone,  soils  with  a  high  ratio 
approximate  a  type  of  reflection  which  is  spectrally  neutra  , 

4.  A  second  factor  influencing  the  spectral  intensity  uistribution  is  the 
composit'on  of  the  organic  matter  present  in  the  soil,  i.e.,  the  ratio  between 
humic  and  fulvic  acid  as  explained  in  section  4.1.3. 

The  results  of  Tolchel'nikov’s  comparative  investigation  are  presented  in 
Diags.  109,  110  and  112  -  115  as  well  as  in  Table  S2.  All  samples  ware  col¬ 
lected  from  the  uppermost  horizon  of  soils  and  they  were  airdry  when  measured. 
Tnelr  content  of  humus  and  FejOj,  the  humus/iron  oxide  ratio,  and,  as  far  as 
available,  their  granulometric  composition  is  given  in  Table  31.  The  following 
observations  can  ba  made  for  the  Individual  soil  types: 

1.  Soddj  podzolto  jsoiJ  (sample  I21),  Curve  113.2):  It  has  a  low  humus 
content  and,  consequently,  a  relatively  high  reflectance.  The  humus/iron  oxide 
ratio  Is  high  so  that  the  spectral  curve  has  only  a  weak  upward  trend  toward  the 
longer  wavelengths. 

2.  Podzolic  J(lfY.§oi_l_  (sample  n,  Curve  113.3):  Its  humus  content  is  still 
lower  than  that  of  the  soddy  podzolic  soli.  Due  to  the  anaerobic  conditions  it  is 
relatively  rich  in  FeO  and  the  spectral  reflectance  curve  has  two  weak  maxima, 
one  In  the  green  part  and  one  In  the  red  part  of  the  spectrum. 

3.  Cjyptogodzolic_peat_ soil_  (sample  m,  Curve  113.1):  The  peat  soil  has 
an  extremely  high  content  of  organic  matter  and,  theiefore,.  a  low  general  re¬ 
flectance.  The  dominance  of  fulvic  acid  causes  the  spectral  curve  to  swing  up¬ 
ward  from  the  blue  to  the  red  band. 

4.  Gray_forest_  soil  (sample  IV,  Curve  114.1):  This  soil,  developed  under 
a  cover  of  deciduous  forest,  has  more  humus  than  both  the  soddy  podzolic  and 
the  podzolic  gley  soil  and,  consequently,  a  lower  reflectance.  The  humus/iron 
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oxide  radio  is  high  and  there  is  only  a  weak  Increase  of  spectral  reflection  in¬ 
tensity  toward  longer  wavelengths. 

5.  Me  ado  w_  soli  (sample  V,  Curve  214.3):  This  type  is  rich  in  humus  and 
its  humus/lron  oxide  ratio  is  high.  As  a  result,  its  reflectance  is  low  and  close 
to  spectral  neutrality. 

6.  Common  J^hern  izcm_  (sample  VI,  Curve  114.2  and  sample  136a“'^, 
Curve  109.1):  This  scU  has  a  rather  high  humus  content  and  the  humus/iron 
oxide  ratio  Is  around  1  nr  higher.  Therefore,  it  has  a  lew  brightness  and  a 
weak  upward  trend  toward  the  red  end  of  the  spectrum  in  general.  There  is, 
however,  some  difference  between  the  two  samplec.  The  spectral  curve  of  136a 
with  a  lower  humus/lron  oxide  ratio  (0.8)  has  an  upward  trend  which  is  more 
pronounced  (rre(j/rblue  =  1.56)  than  that  of  VI  (rre(/rbiUe  =  1>34)  wtth  a  higher 
humus/iron  oxide  ratio  (1.8).  This  illustrates  nicely  the  basic  influence  of  this 
ratio  on  the  shape  of  the  spectral  reflectance  curve. 

7.  Meadqw_chernozemlc_  soil  (sample  67,  Curve  109.2):  Here  ag?,in  the 
humus  content  and  the  humus/iron  oxide  ratio  are  both  high.  Furthermore,  humic 
acid  dominates  in  the  organic  component  so  that  the  reflectance  is  low  and  very 
nearly  neutral. 

8.  Carbonate  chernozem  (sample  144,  Car  a  109.3):  Its  humus  content  is 
considerably  lower  than  that  of  the  previous  types.  This  leads,  together  with  the 
concentration  of  carbonates,  to  a  relatively  high  reflectance.  The  humus/iron 
oxide  ratio  is  lower  and  the  upward  swing  of  the  spectral  curve  throughout  the 
vtsible  wavelengths  steeper. 

9.  Chestnut  jsoil  (sample  VII,  Curve  115.1):  This  soil  has  much  less  or¬ 
ganic  matter  than  the  chernozem  and,  therefore,  a  higher  brightness.  Also,  the 
ratio  between  humus  and  iron  oxide  is  relatively  low,  so  that  the  reflectance 
curve  has  a  distinct  maximum  in  the  yellow  and  red  part  of  the  spectrum. 

10.  Heayj^jsqlonized  chernocem  (sample  142,  Curve  110.2):  Humus  and 
iron  oxide  contents  are  similar  to  those  in  the  common  chernozem.  Therefore, 
the  general  brightness  is  low.  However,  the  spectral  reflectance  curve  has  a 
distinct  maximum  in  the  red  band,  which  can  be  explained  by  the  presence  of 
fulvic  acid  in  the  organic  component. 

11.  (sample  VIE,  Cu  ve  112.3):  This  soil  has  a  re¬ 
latively  high  humus  concentration  at  the  surface,  but  its  influence  on  reflectance 
is  masked  by  the  presence  of  salts.  The  humus/iron  oxide  ratio  is  high.  As  a 
result,  the  spectral  curve  is  high  throughout  and  shows  only  very  little  variation. 

12.  §  hallow  _sqlone  tz  (sample  141,  Curve  110.1  and  sample  IX,  Curve 
112.1):  Solonetz  soils  have  a  low  humus  content,  causing  a  high  general  re- 
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flectance.  The  iron  oxide  concentration  is  relatively  high  and  the  spectral 
curves  have  a  pronounced  maximum  In  the  yellow-red  region. 

13.  Gl§2_§oMh_  (sample  145,  Curve  110.3  and  sample  X,  Curve  112.2): 
This  type  is  still  poorer  in  humus  than  the  solonetz,  at  least  In  the  upper  pirt 
of  the  profile,  since  the  organic  matter  is  very  mobile  and  washed  out.  Com¬ 
pared  with  other  soils,  the  iron  oxide  content  is  also  low,  but  the  humus/lron 
oxide  ratio  is  low,  too.  Consequently,  the  spectral  reflectance  curve  is  high  and 
has  a  weak  but' constant  upward  trend  with  increasing  wavelength. 

14.  Slerozem  (sample  XI,  Curve  115.2):  Again  both  the  humus  concentra¬ 
tion  and  the  ratio  between  humus  and  iron  oxide  are  low.  The  general  reflectance 
is  high  and  the  curve  slopes  upward  toward  the  red  cud  of  the  visible  spectrum . 

15.  JSroded  Jatosol  (sample  XII,  Curve  115.3):  This  soil  is  poor  In  humus, 
but  rich  in  iron  oxide,  which  gives  rise  to  an  extremely  low  ratio  between  the 
two.  hi  addition,  the  oxide  is  less  hydrated  than  that  in  soils  of  temperate  or 
cold  regions.  This  causes  the  spectral  curve  to  have  a  contrast  between  the  rerl 
and  the  blue  band  which  is  greater  than  that  of  all  other  soils  discussed  here. 

A  summary  of  the  results  with  average  reflectances  within  the  blue,  the 
green  and  tne  red  spectral  interval  and  the  ratio  r^  /  r.  .e  is  given  in  Table 
32.  The  author  concludes  that  genetically  different  soil  types  arc  characterized  by 
differences  in  spectral  reflectance  anu  that  the  red  spectral  region  offers  the  best 
prospects  for  a  separation  of  soil  types.  This  latter  conclusion  is  questionable, 
however,  because  it  is  based  on  spectral  reflectance  graphs  with  a  linear  per¬ 
centage  scale.  A  careful  analysis  of  contrasts  between  individual  soil  types  shows 
that  the  blue  spectral  region  is  rather  better  than  the  red  on  the  average.  This 
should  not  be  overly  generalized,  however,  and  each  particular  case  should  be 
considered  separately.  Summarizing,  it  can  be  said  that  the  blue  spectral  band 
seems  to  be  better  for  a  distinction  of  soils  of  the  taiga,  the  forest  steppe,  the 
semi-desert  and  the  desert  zones  with  the  exception  of  the  sierozem  which 
contrasts  better  with  other  soils  in  the  red  spectral  region.  This  region  also 
offers  good  prospects  for  separating  chernozems  from  neighboring  soil  types. 

V.  L.  Andronikov  made  some  systematic  investigation  on  the  spectral  re¬ 
flectance  of  different  soils  of  the  forest  steppe  belt.  His  measurements  are  re¬ 
produced  in  Diags.  116  and  117  and  summarized  in  Table  33.  The  humus  content 
and  the  granulometric  composition  of  these  soils  is  provided  by  Table  34.  The 
curves  are  ordered  according  to  descending  degree  of  podzolizatlon  and  ascend¬ 
ing  degree  of  humus  content.  It  can  be  seen  that  there  is  a  regularity  in  the 
change  of  reflectance  from  the  one  type  to  the  next.  The  brightness  is  highest 
for  the  heavily  podzollzed  chernozem  (Curve  117.3).  Except  the  extreme 


id.  18.8  20.5  23.2  20.8  1.23  112.2 
Sieroze®  21.3  30.7  35.6  29.3  1.67  115.2 
Brod»d  latoeol  11.4  27.0  36.1  25.6  3.34  115.3 


125 


Table  33  Rsflsotanos  of  son*  soil  types  of  the  forest  steppe  sons  for 

“  seleoted  speotral  Intervale  (based  on  data  reported  in 

ARBRVL5SSPL) 

SRC  -  Speotral  reflectance  curve 


Soil  typs 

Kefleotanoe  in  J< 

Speotral  region 

Slue 

Green 

Red 

Visible 

Rflfl. 

SRC  no. 

Wavelength  (ap) 

V>3 

? 

** 

VO 

O 

510-590 

610-690 

430-690 

Blue 

Heavily  podzolited 
light-gray  forest  soil 

22.3 

26.5 

38.3 

29-5 

1.72 

116.1 

id. ,  gleyieh 

18.3 

24.6 

33.9 

26.1 

1.85 

116.2 

Light-gray  forest  soil 

9.3 

13.1 

21.6 

15.1 

2.32 

116.3 

dray  forest  soil 

8.4 

12.0 

19.0 

13.5 

2.26 

117.1 

Dark-gray  forest  soil 

7.3 

10.7 

16.8 

11.9 

2.30 

117.2 

Podzolized  chernozem 

6.7 

9.8 

15.4 

10.9 

2.30 

117.3 

Table  34  Humus  content  and  graaulometrio  composition  of  forest  steppe 
-  soil  types  (from  ANBBVL58SPL) 


Soil  type 

Humus 

oontsnt 

(*) 

Granulometric  composition  (?£) 
Fractions  in  mm 

1.0- 

0.25 

0.25- 

0.05 

0.05- 

0.01 

0.01- 

0.005 

0.005- 

0.001 

<0.001 

Heavily  podzolised 
light-gray  forest 
soil 

2.0 

19-9 

16.8 

35.4 

8,5 

8.2 

9.4 

Gleyish  light-gray 
forest  soil 

2.5 

3.9 

5.2 

42.7 

12.8 

18.4 

13.0 

Light-gray  forest 
soil 

3.0 

29.3 

12.4 

22.3 

5.5 

7.2 

18.9 

Gray  forest  soil 

3.7 

8,7 

13.0 

35.3 

7.7 

7.8 

22.0 

Dark-gray  forest 
soil 

5.4 

7.7 

5.2 

31.4 

9.4 

10.4 

28.8 

Podzolised  onernozem 

6.8 

8.4 

5.9 

30.4 

8.8 

10.7 

27.5 

lower  end  of  the  visible  spectrum  all  curves  hav*  a  constant  upward  trend  toward 
the  red  end  and  are  3lmilar  in  shape,  Andronikov  reaches  the  same  conclusion  as 
Tolchel’nlkov,  namely  that  the  use  of  the  red  spectral  zone  would  be  recom- 
mendable  for  air  photography.  However,  this  conclusion  again  is  based  on  the 
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Interpretation  of  differences  on  a  linear  percentage  scale.  The  logarithmic  plots 
suggest  that,  if  at  all,  the  blue  band  is  slightly  better  in  contrasts. 

The  reflectance  of  the  same  soil  types  (excef*  for  the  gleytsh  gray  forest 
soil)  is  also  shown  in  Diags.  118  and  119,  but  these  data  were  obtained  for 
samples  with  a  "natural  moisture  content",  l.e.,  hygroscopic  moisture.  The 
respective  values  are  given  in  Table  35.  A  comparison  with  the  foregoing  results 


Table  35  Visible  lignt  reflsetanos  of  forest  steppe  soil  types  with 

■■■■■ . "  natural  moisture  content  (based  on  data  reported  in 

ANDRVL58SPL) 


Soil  type 

Natural  moisture 
in  % 

Visible  light 
reflectance  in  % 

SRC  no. 

Heavily  podzoUzed 
light-gray  forest  soil 

2.95 

21.9 

118.1 

Light-gray  forest  soil 

6.96 

13.3 

118.2 

dray  forest  soil 

7.63 

12.1 

119.1 

Dark-gray  forest  soil 

9.52 

1C.1 

119.2 

Podzolized  chernozem 

10.00 

7.6 

119.3 

(see  Table  33)  demonstrates  that  contrasts  are  slightly  enhanced  under  these 
circumstances.  If  soils  are  equally  moist  their  contrast  is  lower,  however.  For 
example,  the  contrast  between  the  heavily  podzoltzed  light-gray  forest  soil  and 
the  podzoltzed  chernozem  is  2.9  :  1  (21.8  %  :  7.6  %)  for  the  state  of  natural 
moisture  (2.95  %  for  the  former  and  10.0  %  for  the  latter  soil,  respectively), 
but  only  1.9:1  (14.8  %  :  7.  <3  %)  for  10  %  moisture  in  both  soils.  Compare 
this  with  the  contrast  for  air-dry  samples,  which  is  2.7  :  1  (29.5  %  :  10.9  %). 
The  conclusion  is  that  air  photos  for  soil  interpretation  should  not  be  taken 
immediately  after  rains,  when  there  is  everywhere  a  more  or  less  equal  moisture 
content,  but  at  rather  low  or  medium  moisture  contents.  Experience  has  shown 
indeed  that  best  contrasts  are  obtained  during  the  drying  out  of  soils,  when  there 
exist  moisture  differences  caused  by  variations  of  soil  texture  and  microrelief. 

E.S.  Arcybashev  has  reported  some  results  of  airborne  measurements 
taken  from  an  altitude  of  200  m.  In  Elag.  107  the  spectral  reflectance  curves  of 
a  solonchak,  a  takyr  and  a  stable  sand  surface  are  presented.  All  curves  swing 
upward  with  an  increase  in  wavelength  within  the  visible  spectrum.  In  the  infrared 
the  reflectance  has  a  tendency  to  remain  constant  or  become  somewhat  lower  and 
contrasts  are  lower,  too.  Consequently,  the  near  infrared  spectral  region  Is  not 
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suitable  (or  air  photography  of  desert  soils.  A  further  reason  for  not  making  use 
of  infrared  radiation  is  the  fact  that  vegetation  has  a  much  higher  reflectance  in 
the  infrared,  approximating  that  of  desert  soils,  so  that  distinguishing  vegetated 
and  unvegetated  surfaces  would  be  difficult  (compare  with  section  3. 5).  It  should 
also  be  noted  that  Arcyba^hev'a  airborne  data  are  higher  than  those  obtained  by 
Tolchel*nlkov  for  corresponding  soils  under  laboratory  conditions.  There  may  be 
several  reasons  for  this  fact,  among  them  intervening  haze  light  in  the  case  of 
the  aerial  measurements  and  systematic  instrumental  differences. 

Some  remarks  on  the  reflectance  of  semi-desert  and  desert  soils  are 
given  In  section  3. 5  in  conjunction  with  a  discussion  of  vegetation  types  associated 
with  them. 

Sources:  ANDHVL58SPL,  ARCYES62ISJ,  TOLCJ85&OTP,  TOLCJS60PFT, 
TOLCJS66DAP. 


4.2  Spectral  reflectance  of  road  surfaces 


Spectral  reflectance  curves  obtained  by  V. A.  Alekseev  and  S. V.  Belov  for 
some  dry  and  wet  road  surfaces  are  given  in  Diags.  95  and  9*.  A  dirt  road  on 
yellowish-gray  sand,  a  road  with  stone  pavement  and  one  with  asphalt  pavement 
were  measured.  All  curves  show  a  gradual  Increase  of  reflection  intensity  from 
the  blue  to  the  near  infrared,  with  the  exception  of  the  wet  stone  pavement  which 
has  a  weak  minimum  at  770  m^u.  The  reflectance  of  all  three  surfaces  is  2  to  3 
times  lower  when  wet. 

The  reflectance  of  both  the  stone  and  the  asphalt  pavement  is  very  similar 
and  there  is  hardly  any  contrast  between  the  two  except  in  the  blue-green  spectral 
region  when  the  surfaces  are  wet.  The  dirt  road  has  the  most  intensive  re¬ 
flectance  almost  throughout.  However,  it  contrasts  significantly  with  the  other  two 
types  only  in  the  Infrared. 


Source:  ALEKVA603DP. 
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5.  Results  of  measurements:  Rocks“^ 


The  spectral  reflectance  and,  hence,  the  color  of  sedimentary  rocks  de*  i 

pends  in  the  first  place  on  their  content  of  iron,  manganese  and  carbon  com-  1 

pounds.  The  degree  of  oxidation  governs  the  color  of  iron  compounds.  Those  ' 

with  bivalent  iron  usually  are  green  or  blueish-green  whereas  those  with  trivalent 
iron  have  yellow,  brown  or  red  tints. 

K.S.  Ljailkov  and  I.  N.  Belonogova,  in  a  study  on  the  spectral  reflectance  of 
some  types  in  the  area  of  the  Great  and  the  Small  B&lkhan  (southwest  Turkmenia), 
made  the  fallowing  experience:  Although  the  rocks  occurring  in  the  area  are  of  j 

different  origin  (limestones,  shales  and  sandstones)  ana  vary  with  respect  to  j 

mlneraloglcal  composition,  all  investigated  types  could,  on  the  basis  of  their 
color,  be  assigned  to  one  of  two  groups,  namely  either  to  red-brown  rocks  or  ! 

to  green  rocks.  Curves  1  and  2  in  Diag.  103  show  for  both  types  the  spectral 
reflectance  of  a  freshly  broken  sample.  It  can  be  seen  that  the  reddish  rock  has 
a  reflectance  maximum  in  the  red  and  the  green  rock  one  in  the  green  spectral 
region,  as would  be  expected  on  the  basis  of  their  color.  The  color  of  red  rocks 
probably  is  caused  by  a  high  concentration  of  limontte  (compare  with  Curves  78.1  . 

and  103.3).  It  Is  more  difficult  to  explain  the  color  of  the  second  group  of  rocks. 

It  may  be  caused  by  glauconite.,  but  this  conjecture  needs  verification.  For  a  com¬ 
parison  cf  the  spectral  reflectance  of  differently  colored  clays,  the  reader  is 
referred  to  Diag.  98. 

Some  further  examples  for  the  spectral  reflectance  of  variots  rock  types, 
including  pyroxene  porphyrite,  araphibole  gabbro,  bictite  granite,  calcareous 
sandstone,  etc.  can  he  found  In  ROMAMA64ASS. 

Sources:  UALKS80IOP,  R0MAMA62OTS  (English  translation:  ROMAMA64ASS). 


5.1  Influence  of  weathering  on  rock  reflectance 

In  most  cases,  the  spectral  reflectance  of  subaerial  rock  surfaces  is 
different  from  that  of  freshly  broken  rock.  According  to  K.S.  Ljalikov  and  I.N. 
Belonogova,  who  made  observations  in  the  desert  zone,  the  reasons  are  the 
following: 

1.  A  thin  cover  of  foreign  material  deposited  by  wind  or  water  may  overlie 
the  rocks. 
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2.  lichens  may  grow  on  the  rock.  An  example  for  the  change  of  re¬ 
flectance  produced  by  a  lichen  cover  Is  provided  in  Diag.  106.  Here,  Curve  1 
constitutes  the  reflectanra  of  yellow-gray  rock,  Curve  2  that  of  the  same  type 
of  rock  but  overgrown  fr,  brown-yellow  lichens.  Due  to  the  color  of  this  vegeta- 
tional  cover  the  color  of  the  rock  surface  does  not  alter  significantly,  bit  its 
brightness  drops  by  a  factor  of  about  2.5. 

3.  As  a  result  of  the  weathering  process  the  rook  surface  is  partly 
destroyed;  fissures  develop  ard  easily  soluble  or  non-resistent  components  are 
re~oved.  An  example  is  given  in  Dlag.  105,  where  the  reflectance  of  unweathered 
green  rock  is  compared  dth  that  of  weathered  rock  of  the  same  type.  The  bright¬ 
ness  of  the  latter  is  considerably  higher. 

4.  A  thin  salt  crust  consisting  of  easily  soluble  salts,  such  as  sodium 
chloride,  natron  sulfate,  magnesium  S”lfate  or  gypsum  may  develop  on  the  sur¬ 
face.  These  salts  are  washed  away  during  rains  and  they  are  typical  for  dry 
solonchak  areas  only  (s^e  example  In  Diag.  101,  discussed  in  sectton  4.1.5). 

5.  In  very  hot  area>  desert  varnish  may  be  formed.  Diag.  104  shows  a 
comparison  of  the  reflectance  of  unweathered  volcanic  rock  of  yellow-green  color 
with  that  of  the  same  type  of  rock  covered  by  black  desert  varnish.  Accordingly, 
the  general  brightness  drops  and  the  spectral  reflectance  curve  assumes  a  more 
neutral  shape. 

I.  N.  Belonogova  and  B.  V.  Vinogradov  report  that  differences  In  th.-  ml- 
neraiugical  composition  of  rocks,  which  originally  give  rise  to  differences  in 
spectral  reflectance  characteristics,  may  be  levelled  out  during  the  process  of 
sot  l  formation.  They  mention  examples  from  western  Turkmenia  where  they 
studied  the  reflectance  of  clay  sediments  originating  from  various  rocks  and  de¬ 
posited  in  depressions.  They  found  that  the  loss  of  spectral  reflectance  differences 
was  especially  obvious  for  the  forma**, on  of  takyrs  tod  takyr-ltke  soils.  Diag.  Ill 
shows  the  epectral  curves  of  two  takyrs  developed  on  colluvial  material  originat¬ 
ing  from  ivo  different  types  of  shale.  Neverthele>  s  the  two  curves  are  almost 
identical.  A  loss  of  contrast  is  apparent  already  >r  the  weathered  surfaces  of 
different  rock  types  If  one  compares  them  with  freshly  broken  surfaces.  After 
some  time,  all  materials  approximate  a  final  weathering  product,  which  is  rich 
in  colloidal  particles  and  colored  by  Iron  compounds. 

Sources:  BE  LOINS 8NFI,  LJALKS60IOP. 
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2.  lichens  may  grow  on  the  rock.  An  example  for  the  change  of  re¬ 
flectance  produced  by  a  lichen  co-'p.r  is  provided  in  Diag.  106.  Here,  Curve  1 
constitutes  the  reflectance  of  yellow-gray  rock,  Curve  2  that  of  the  same  type 
of  rock  but  overgrown  by  brown-yellow  lichens.  Due  to  the  color  of  this  vegeta- 
tional  cover  the  color  of  the  rock  surface  does  not  alter  significantly,  out  its 
brightness  drops  by  a  factor  of  about  2.5. 

3.  As  a  result  of  the  weathering  process  the  rock  surface  is  partly 
destroyed;  fissures  develop  and  easily  soluble  or  non-resistent  components  are 
removed.  An  example  is  give  i  in  Diag.  105,  where  the  reflectance  of  unweathered 
green  rock  is  compared  with  tnat  of  weatnered  rock  of  the  same  type.  The  bright¬ 
ness  of  the  latter  is  considerably  higher. 

4.  A  thin  salt  crust  consisting  of  easily  soluble  salts,  such  as  sodium 
chloride,  natron  sulfate,  magnesium  sulfate  or  gypsum  may  t’evelop  on  the  sur¬ 
face.  These  salts  are  washed  away  during  rains  and  they  are  typical  for  dry 
solonchak  areas  only  jsee  example  in  Diag.  101,  discussed  in  section  4.1.5). 

5.  In  very  hot  areas  desert  varnish  may  be  formed.  Diag,  104  shows  a 
comparison  of  the  reflectance  of  unweathered  volcanic  rock  of  yellow-green  color 

t  with  that  of  the  same  type  of  rock  covered  by  black  deser..  varnish.  Accordingly, 

the  general  brightness  drops  and  the  spectral  reflectance  curve  assumes  a  more 
neutral  shape. 

i  I.  N.  Belonogova  and  B.  V.  Vinogradov  report  that  differences  in  the  mi- 

neralogical  composition  of  rocks,  which  originally  give  ri6e  i  differences  in 
spectral  reflectance  characteristics,  may  be  levelled  out  dcring  the  process  of 
soil  formation.  They  mention  examples  from  western  Turkmenia  where  they 
studied  the  reflectance  of  clay  sediments  originating  from  various  rocks  and  de¬ 
posited  in  depressions.  They  found  that  the  loss  of  spectral  reflectance  differences 
was  especially  obvious  for  the  formation  of  takyrs  and  takyr-Uke  soils.  Diag.  Ill 
shows  the  spectral  curves  cf  two  takyrs  developed  on  colluvial  material  originat¬ 
ing  from  two  different  types  of  shale.  Nevertheless,  the  two  curves  are  almost 
identical.  A  loss  of  contrast  is  apparent  already  for  the  weathered  surfaces  of 
different  rock  types  If  one  compares  them  with  freshly  broken  surfaces.  After 
some  time,  all  materials  approximate  a  final  weathering  product,  which  is  rich 
in  colloidal  particles  and  colored  by  iron  compounds. 

Sources:  BE  LOIN58NFI,  UALKS60IOP. 
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1  See  the  tndtcatrices  of  diffusion  In  R0MAMA620TS  (English  translation: 
ROMAMA64ASS). 

2  In  more  recent  publications  this  Instrument  is  being  referred  to  as  Univer¬ 
sal  Photometer  FM-2.  It  has  to  be  assumed  that  the  FM-2  is  an  improved 
version  of  the  FM.  It  is,  however,  not  known  to  the  authors  of  this  re¬ 
port,  what  exactly  the  improvements  are. 

3  The  transmission  width  of  interference  filters  is  usually  defined  as  so- 
called  "half  width",  i.e.,  the  spectral  interval  of  transmission  its  given 
between  wavelengths  at  which  the  transmissivity  is  half  the  maximum.  It 
may  be  assumed  that  the  values  given  in  Table  1  refer  to  half  widths. 

4  See  for  example  G.W.Snedecor:  Statistical  Methods.  5th  edition.  The  Iowa 
State  University  Press,  Anes,  Iowa  1962. 

5  For  a  description  of  Russian  aerial  films  see  also  D. Steiner:  Technical 
aspects  of  air  photo  interpretation  in  the  Soviet  Union.  Photogrammetrio 
Engineering,  vol.  29,  :<•  8,  pp.  988  -  998,  1963. 

6  S.V.  Belov  and  A.  M..Berezin:  Znachenie  uSlovji  aerofotografirovanija  i 
razlichnykh  tipov  aeroplenok  dlja  izuchenija  lesov  (The  importance  of  the 
air  photographic  conditions  and  the  different  types  of  aerofilins  for  forest 
surveying).  Trudy  Laboratorii  Aerometodov,  vol.  VI,  p.  146  -  175, 
Akademia  Nauk  SSfiR,  Moscow/ Leningrad  1958. 

7  The  designation  "Spectrozonal  Computing  Speotrovisor"  is  the  reporters1. 

In  the  original  Russian  paper  (KOLCVVG6SAP)  the  technique  is  called 
"spektrometricheskaja  aeros-emka  s  vychislitel'nym  ustrojsivom",  i.e., 
spectrometric  air  photography  with  a  computing  device. 

8  L.S.Berg:  Die  geographischen  Z-ven  der  Sowjetunion.  Vol.  I  and  II,  437  + 
604  pp.  German  translation  of  "Geograflcheskie  zoni  Sovetskogo  Sojuza", 

3rd  edition,  Moscow  1947  ard  1952.  B.G.Teubner,  Leipzig  1958/59. 

9  M.S.Simakova:  Soil  mapping  by  color  aerial  photography.  81  pp.,  English 
translation  of  "Metodika  kartirovanija  pochv  Prlkasptfskoj  nizmennostl  po 
materialarn  aerofotos  emki"  in  "Pochvenno-geograficheskie  issledovanlja  1 
Ispol'zovanle  aerofotos-;  <nki  v  kartirovanii  pochv"  (Pedological-geographical 
investigations  and  the  use  of  air  photographs  for  soil  mapping),  Academy 

cf  Sciences  cf  the  USfR,  Moscow  1959.  Israel  Program  tor  Scientific 
Translations,  Jerusalem  1964. 
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10  The  density  {Russian  "polnota")  is  a  measure  which  expresses  the  ratio 
between  the  basal  area  (sum  of  sectional  planes  at  breast  height  per  unit 
area)  of  the  forest  stand  in  question  and  that  of  an  average  stand  as 
specified  In  productivity  tables  (usually  called  "normal  stand"). 

11  This  is  the  moat  recent  paper  by  J.S.Toichel’nikov.  It  repeats  the  findings 
described  and  discussed  in  TOLCJS60PFT.  The  collection  of  spectral  re¬ 
flectance  curves  contains  references  to  this  latter  paper  only. 

12  The  term  "liman"  designates  a  "lagoon"  in  the  Black  Sea  area,  but  a 
usually  dry  depression,  flooded  only  periodically  or  episodically,  in  areas 
further  east. 

13  V.  Ljubimenko:  Materija  i  rastenija  (Matter  and  plants).  Leningrad  1924. 

14  V.N.  Ljubimenko:  Fotosintez  i  khemosintez  v  rastitel'nom  mire 
(Photosynthesis  and  chemosynthesis  of  plants).  SelTchozgiz,  Leningrad  1935. 

15  N.  A.  Bajdalina:  Anatomo-fissiologicheskie  issledovanlja  elovogo  podrosta 
^Anatomical-physiological  investigations  on  the  growth  {<.*  spruces).  Trudy 
Lesotekhnich.  Akademii  S.M.  Kirova,  vol.  73,  1956. 

16  The  reader  will  note  that,  although  the  measurements  in  the  Leningrad 
area  were  taken  w-'th  solar  altitudes  comparable  to  those  in  the  case  of 
the  Tomsk  area  observations,  they  indicate  a  considerably  lower  contrast 
between  the  different  angles  of  observation.  This  may,  ft  least  in  part, 
be  due  to  the  fact  that  the  Leningrad  data  were  obtained  with  the 
spectrograph  having  a  smaller  tilt  tingle  (25°)  and  a  larger  angular  field 
(LS-2)  with  2p  =  18°)  compared  with  the  investigations  in  the  Tomsk  area, 
where  the  tilt  angle  was  30°  and  the  angular  field  12°  (LS-3). 

17  There  is  a  discrepancy  between  this  value  and  the  curve  for  sample  104 

in  Fig.  35,  which  shows  a  light  reflectance  of  about  31  %  at  0  %  moisture. 
The  corresponding  values  indicated  by  the  other  curves  in  Fig.  35  are  in 
agreement  with  those  listed  in  Table  25. 

18  Takyrs  are  compact  soils  developed  on  clayey  material  deposited  in  de¬ 
pressions  of  arid  areas.  They  usually  have  a  zone  of  salt  accumulation  at 
some  depth  and  their  adsorption  complex  is  more  or  less  saturated  with 
sodium.  They  may  be  classified  as  internal  s  ionchaks  or  solonetz  soils 
(3ee  L.  S.  Berg®),  vol.  II,  p.  130). 

19  The  Russian  authors  use  the  terms  "sil'nosoloncevatyj"  and  "slabosoloncevatyj", 
which  means  "heavily  solonlzecT  and  "weakly  solonized",  respectively.  Since 
the  contraction  and,  hence,  the  formation  of  cracks  is  a  characteristic  of 
non-saline  sodic  soils  which  occurs  during  the  period  of  exsiccation,  it 
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must  be  assumed  that  the  more  precise  meaning  is  "heavily  sc-ic"  and 
"weakly  sodic",  respectively. 

20  This  last  statement  is  contradictory  to  what  wa?  said  about  takyrs  in  sec¬ 
tion  4.1.8,  where  they  were  described  as  having  a  pi  rgcnal  surface 
created  by  cracks.  Cracks  are  present  during  the  dry  period  only,  however, 
and  in  the  season  chosen  by  Tolchel'ntkov  for  measurement  (beginning  o l 
May)  the  takyrs  probably  were  still  moist. 

21  Roman  numerals  are  the  reporters '  numbering,  arabic  numerals 
Tolchel’nikov's. 

22  After  the  completion  of  this  report  the  authors  received  the  following  book: 
J.A.  Zajcev  ar.d  L- A.  Mukhina,  "Primenenie  C't-lnoj  i  spektrozonal'noj 
aerofotos-emki  v  geologicheskikh  coljakh"  (The  application  of  color  and 
false  color  air  photography  for  geological  purposes),  303  pp. ,  Izd. 
Moskovskogo  Unlversiteta,  Moscow  1966.  This  publication  includes  a 
comprehensive  study  on  the  spectral  properties  of  various  rocks  and 
minerals  and  contains  tables  and  graphs  for  approx.  500  samples  (data 
usually  between  400  and  800  m  u).  A  description  of  the  spectrophotometer 
SF-4  ir  alro  provided. 
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COLLECTION  OF  SPECTRAL  RE  I  LECTANCE  DATA:  COMPUTER-GENERATED 

DIAGRAMS  i'ND  TABLES 


The  following  diagrams  «'md  tables  show  reflectance  data  for  wavelengths 
between  400  and  900  mu.  The  ordinate  of  the  diagrams  is  a  logarithmic  sca  le. 

One  diagram  contains  a  maximum  of  three  spectral  curves.  The  corresponding 
tabulated  values  are  given  on  the  opposite  pages.  The  numbers  at  the  top  of  the 
diagrams  were  used  for  internal  reference  during  the  compilation  phase  and  are 
not  referred  to  in  this  report.  Explanations  to  each  curve  are  provided  at  the 
bottom  of  the  table  pages  and  are  listen  in  the  following  order: 

Type  of  object,  characteristic  s:  A  =  age,  H  =  height  in  m,  D  =  diameter  in  cm, 

S  =  site  class,  B  =  density  (Russ.:  "polnota"*0^);  an  asterisk  stands  for 
a  colon  / 

Type  of  measurement:  L  =  i:i  the  laboratory,  G  ~  in  the  field  on  the  ground, 

P  =  from  a  plane;  I  =  type  of  instrument:  1  Universal  Photometer  FM, 

2  =  photoelectric  field  spectrometer,  3  =  Aerial  Spectrograph  LS-3,  5  = 
Aerial  Spectrograph  L’3-2,  6  =  Spectrophotometer  SI’ -4,  7  =  Spectrovisor 
(1958),  10  =  Spectrometer  with  a  barrier-layer  cell  (a  number  in  parentheses 
indicates  that  the  give.i  instrument  was  used  to  a  minor  extent  only  or  that 
its  use  is  probable  but  not  certain);  DM  =  direction  of  measurement:  the 
first  figure  indicates  the  angle  of  tilt  (deviation  from  the  vertical),  the 
second  the  azimuth  of  the  sun  (0  =  measurement  against  the  sun,  180  = 
measurement  away  from  the  sun,  90  =  measurement  in  a  plane  perpendicular 
to  the  shadow  direction;  DM  0  means  measurement  in  the  nadir  direction)  / 
Date  (parentheses  indicate  uncertainty);  SA  =  solar  altitude,  in  0  /  Location  / 
Source:  Alphameric  codes  referring  to  the  bibliography  (additional  sources  with 
the  same  type  cf  information  given  in  parentheses).  "Id. "  means  that  the 
details,  except  those  specified,  are  the  same  as  for  the  foregoing  curve. 
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WAVE¬ 

DIAGRAM 

4 

DIAGRAM 

5 

DIAGRAM 

6 

LENGTH 
MM  ICR. 

NO  .  1 

NO. 2 

NO. 3 

NO.  1 

NO. 2 

NO. 3 

NO.  1 

NO. 2 

NO. 3 

400 

• 

• 

• 

• 

• 

• 

• 

• 

• 

430 

• 

• 

* 

• 

• 

• 

3.2 

ft 

ft 

450 

7.5 

3.9 

2.6 

4.9 

2.5 

1.6 

3.8 

2.9 

1.3 

470 

7.6 

4.4 

2.7 

4.6 

2.4 

1.? 

4.1 

2.5 

1.3 

490 

8.0 

5.0 

2.9 

4.3 

2.5 

.8 

5.2 

3.1 

1.5 

510 

10.0 

6.7 

3.7 

5.7 

3.5 

1.6 

10.1 

4.8 

2.7 

530 

14.4 

10.5 

5. 1 

7.5 

5.0 

3.0 

14.5 

7.4 

4.3 

550 

15.4 

11.7 

6.7 

7.5 

5.6 

3.b 

15.0 

7.9 

4.8 

5  70 

14.: 

10.4 

5.4 

6.8 

4.8 

3.1 

15.0 

7.4 

4,  2 

390 

12.4 

8.7 

4.4 

6.3 

4.5 

2.6 

11.4 

6.1 

3.5 

610 

10.8 

7.7 

4.1 

6.1 

4.5 

2.1 

10.5 

4,6 

3.0 

630 

9.4 

7.1 

4.0 

5.6 

4.3 

2.0 

9.9 

3.8 

2.7 

650 

8.7 

7.0 

3.6 

4.7 

4.1 

2.1 

6.7 

3.7 

2.7 

670 

1"  ,6 

8.4 

3.5 

4.6 

3.5 

2.4 

6,6 

4.1 

3.1 

690 

23.  ' 

16.  T 

7.8 

9.9 

6.6 

4.4 

3.3 

4.8 

3.6 

710 

48.0 

36. 

21.2 

19.7 

16.1 

10.6 

, 

» 

ft 

730 

63. C 

51.0 

36.3 

27.2 

23.0 

18.2 

ft 

ft 

ft 

750 

64.5 

55.2 

•♦1  .0 

30.2 

26.1 

20.8 

ft 

• 

• 

770 

65. G 

56.5 

41.9 

30.5 

26.6 

21.2 

ft 

ft 

• 

790 

65.0 

57.0 

42.2 

30.6 

27.2 

21  .5 

ft 

ft 

ft 

810 

65.0 

57.2 

43.6 

30.6 

27.4 

22.6 

ft 

ft 

ft 

030 

64.8 

57.4 

44.1 

30.8 

27.5 

22.8 

ft 

ft 

ft 

850 

64. 7 

57.5 

44.3 

30.9 

27.7 

22.9 

ft 

ft 

ft 

870 

64.7 

57.  ( 

45.1 

31.0 

28.0 

23.5 

ft 

ft 

ft 

890 

64.8 

57.7 

44.8 

31.1 

28.1 

23.3 

ft 

ft 

ft 

DIAGRAM  4 
NO . I  NORWAY 
G,  I 


NO  .2 
NO.  3 


ID. 

ID, 


SPRUCE  YOUNG  SHOOTS  ( TREc 
2,(1)  /  JUNE  7,  1958,  SA  61  / 

JULY  31,  1959,  SA  49 
^SEPTEMBER  29,  1958,  SA  29 


A  60,  H  22,  C  38) 
L, VOV  /  AlEK VA60SDP 


DIAGRAM 


NO  .1 


NO.  2 
NO. 3 


:j^E 


NORWAY  SPRJSCE  1  TO  2  YEARS 
FOR  DIAG.  4)  /  G,  I  2,il)  / 
t. , VOV  /  ALEKVA60SDP 
ID.  JULY  31,  1958,  SA  49 

ID.  SEPTEMBER  29,  1958,  SA 


OLD  SHOOTS  (DETAILS  AS 
JUNE  7,  1958,  SA  61  / 


30 


DIAGRAM  6 

NO . 1  SPRUCE  YOUNG  NEEOLES,  (STAND  *  A  100  TO  120, 

S  III,  8  0.7)  /  G,  I  1  /  JUNE  22,  1955  /  LENINGRAD  / 
ARC  YES580  SO ,  '8EL0SV59AFL ) 

NO. 2  lO.  JULY  6,  1955 

NO. 3  ID.  SEPTEMBER  9, 


1955 


138 


WAVE¬ 

DIAGRAM 

7 

DIAGRAM  3 

DIAGRAM 

LENGTH 

X. 

NO  •  1 

NO  2 

MO.  3 

NO.  1 

NO. 2  NO. 3  NO .  1 

NO. 2 

400 

• 

• 

•  • 

1.2 

.9 

430 

1.2 

• 

. 

•  • 

1.2 

.9 

450 

1.5 

2.0 

1.0 

.8 

1.5 

1.3 

1 .0 

470 

1.5 

1,8 

1.0 

.9 

1.4 

1 .9 

1.4 

490 

1.7 

2.3 

1.1 

l.l 

1.7 

2.8 

2.1 

510 

3.0 

3.7 

1.5 

1.5 

2.3 

4.2 

3.3 

530 

4.1 

5.1 

2.1 

2.1 

2.8 

6.7 

5.0 

E  50 

4.3 

5.0 

2,1 

2.5 

3.2 

1.8 

5.7 

570 

3.9 

4.5 

1  .8 

2.3 

3.1 

6.8 

4.0 

590 

3.0 

3.8 

1.5 

2.0 

2.8 

5.9 

4.2 

610 

2.3 

3.2 

1.3 

1.5 

2.2 

5.0 

3.9 

630 

2.2 

2.9 

1.2 

1.2 

1.9 

4.5 

3.8 

650 

2.5 

2.9 

1  .4 

1.4 

2.0 

7.5 

3.8 

6  70 

2.9 

3.3 

1.6 

1.8 

2.4 

.8 

4.0 

690 

3.4 

4.0 

1  .9 

2.2 

2.6 

• 

• 

710 

. 

. 

• 

• 

•  • 

• 

• 

730 

• 

• 

• 

• 

•  • 

• 

• 

TOO 

• 

• 

• 

•  • 

• 

• 

770 

> 

• 

• 

• 

•  • 

• 

790 

* 

• 

• 

* 

•  • 

• 

• 

810 

• 

• 

• 

• 

•  • 

• 

• 

830 

• 

• 

• 

• 

•  • 

• 

• 

850 

• 

• 

• 

• 

•  • 

• 

• 

8  70 

• 

• 

• 

• 

•  • 

• 

• 

890 

• 

• 

• 

• 

•  • 

• 

• 

DIAGRAM  7 

NO  .  1 

SPRUCE 

OLD  NEEDLES,  (STAND  *  A  100  TO  120,  S 

B  0.7)  /  G, 

I  1  /  JUNE  22 •  1955  /  LENINGRAD  / 

ARCYES580S0, 

( OELOSV59AFL  < 

NO.  2 

ID. 

JULY  6,  1955 

NO  .3 

ID. 

SEPTEMEBR  9,  1555 

DIAGRAM  8 

NO.  1 

SPRUCE,  NEEDLES  FROM  UPPER  PART  OF  CROWN, (STAND  * 

5  HI.  8  0.7,  BILBERRY  ^RtlCE  FOREST)  /  G,  I  1  / 
SEPTEMBER  9,  1955  /  LENINGRAD  /  ARC  T£  S  580SD, 
t  BEL0SV59AI L ) 

NO. 2  ID.  FROM  LOWER  PART  OF  CROWN 

DIAGRAM  9 

NO  .  1  NORWAY  SPRL'CE  NFEOLHS  FROM  UNDERSTORY  TREE  /  G,  I 
JULY  10  TO  12,  1 95o  /  ARKHANGELSK  /  KHARN060MT 
NO. 2  10.  NEEDLES  1  RUM  OVERS  TORY  TREE 


9 

NO.  3 


I  lit 


A  90, 


-  110  - 


WAVE¬ 

DIAGRAM  t 

0 

DIAGRAM 

11 

DIAGRAM  12 

LENGTH 

NO  .  1 

NO. 2 

NO. 3 

NO.  1 

NO. 2 

NO. 3 

NO.  * 

NO. 2  NO. 3 

MMICR. 

400 

• 

• 

• 

2.0 

2.6 

6.0 

5.5 

3.4 

9 

430 

• 

• 

• 

2.0 

3.0 

6.4 

5.4 

3.6 

9 

450 

• 

• 

• 

2.3 

3.3 

6.8 

5.5 

4.0 

9 

470 

• 

0 

• 

2.5 

3,7 

7.3 

6.0 

5.0 

0 

490 

• 

• 

3.0 

3.9 

8.0 

6.9 

6,2 

9 

510 

• 

• 

• 

3.6 

4.9 

9.5 

8.1 

8.7 

9 

530 

• 

• 

• 

4.7 

7.7 

13.6 

14.0 

12.2 

0 

550 

4.3 

4.5 

9 

6.0 

9.3 

14.4 

16.0 

13.2 

0 

570 

3.5 

3.7 

• 

5.7 

8.0 

12.7 

14.7 

10.7 

9 

590 

2.8 

2,8 

• 

3.0 

6.8 

10.5 

13.0 

8.3 

0 

610 

2.3 

2.3 

• 

4.6 

5.9 

9.1 

11.8 

8.0 

9 

630 

2.0 

2.2 

<* 

4.3 

5.3 

8.4 

12.0 

8.0 

0 

650 

1.6 

2.2 

V 

4.0 

5.0 

7.7 

12.3 

8.2 

0 

670 

1.4 

1.7 

• 

4.5 

5.2 

8.8 

12.7 

8.5 

0 

690 

2.0 

2. “2 

• 

7.5 

11.5 

19.2 

13.2 

9.3 

• 

710 

7.0 

8.5 

• 

25.0 

28.9 

49.0 

« 

0 

0 

73i 

29.3 

28.1 

• 

40.5 

44.4 

54. 5 

0 

* 

9 

750 

36.6 

32.2 

• 

46." 

52.0 

57.5 

0 

0 

0 

770 

• 

• 

0 

•  n 
^  1  ^  . 

52.8 

58.8 

« 

9 

C 

79  n 

• 

• 

• 

48.0 

53.2 

59.0 

0 

0 

0 

81 0 

o 

• 

ft 

0 

9 

0 

9 

0 

0 

830 

e 

'* 

0 

0 

• 

0 

0 

0 

9 

850 

• 

9 

0 

0 

0 

0 

0 

9 

9 

870 

• 

• 

0 

0 

9 

0 

9 

0 

890 

• 

» 

0 

ft 

0 

9 

0 

0 

0 

DIAGRAM  10 

NO  .  1 

STANO  OF  SCOTCH  PINE 

A  30 

,  IFOR 

DETAILS 

SEE  TABLE  6, 

PLOT 

J  l  /  P, 

I  3* 

DM  0  / 

JULY  11,  1°53» 

SA  54 

/ 

i.  ,vOV' 

/  ALEK 

VA60SDP 

NO  .2 

ID. 

A  110 

IFOR  DETAILS 

SEE  TABLE  6, 

PLOT  5) 

DIAGRAM  11 

NO  .  1 

SCO TCH 

PINE 

WHOLE 

CROWN 

(STAND 

*  A  40, 

S  II, 

B  0.5) 

/ 

G*  - 

1,3,  AVERAGE 

OF  2  TREES  / 

AUGUST  3 

TO  7, 

1957, 

S  A  46 

/  TOMSK  /  BEL0SV59AFL 

NO  .2 

ID. 

OLD  SHOOTS  (1  TO  2 

YEARS  OLD)  / 

S'  47 

NO.  3 

ID. 

YOUNG 

SHOOTS 

/  SA 

47 

DIAGRAM  12 

NO  ,  i 

PINE,  NEEDLES 

FROM 

NORTHERN  PART  OF  CROWN,  (TREE  *  A 

70, 

IN  BILBERRY 

PINE  FOREST) 

/  G,  I 

1  /  AUGUST  9, 

1956, 

SA  30 

/  ARKHANGELSK  /  BEL0SV59AFL 

NO. 2 

ID. 

FROM 

SOUTHERN  PART 

OF  CROWN 

SPtCTMk.  MHKTMGC  CUHVIS 

S8;i  HIM 


REFL.IN  0/0 

m 1 


rfCTMl  MHECTMCe  OMVtS 

3: 1  » 


HUUU-U 
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WAVE¬ 

DIAGRAM 

13 

DIAGRAM 

14 

DIAGRAM 

15 

LENGTH 

NO  .  1 

NO. 2 

NO. 3 

NO.l 

NO. 2 

NO.  3 

NO.l 

NO. 2 

NO.  3 

MM ICR. 

400 

• 

• 

• 

• 

• 

• 

• 

• 

430 

3.1 

3.1 

1.2 

• 

• 

• 

• 

• 

• 

450 

3.7 

3.2 

1.5 

3.3 

3.6 

3.9 

6.0 

6.6 

5.7 

470 

4.1 

3.7 

1.5 

3.7 

3.8 

3.8 

6.8 

6.8 

6.1 

490 

5.1 

4.7 

1.8 

4.5 

4.0 

4.0 

8.0 

7.4 

6.9 

510 

11.3 

7.9 

2.7 

6.0 

5.2 

4.6 

9.8 

9.3 

8.7 

53C 

14.9 

13.1 

4.0 

7.5 

6.7 

5.4 

13.0 

12.2 

11.5 

550 

'5.2 

13.5 

4.4 

8.8 

7.7 

6.0 

16.5 

14.2 

12.9 

570 

15.0 

10.7 

3.9 

8.8 

7.2 

5.7 

17.0 

13.2 

12.2 

590 

11.4 

9.3 

3.0 

8.2 

6.4 

5.3 

15.6 

11.7 

10.9 

610 

10.5 

8.0 

2.4 

7.1 

5.6 

4.8 

13.3 

9.9 

9.4 

630 

10.0 

6.8 

2.3 

6.2 

5.1 

4.4 

11.2 

8.3 

8.0 

650 

6.9 

6.1 

2.4 

6.0 

5.0 

4.3 

10.7 

7.9 

7.7 

670 

6.9 

5.7 

2.7 

6.4 

5.4 

4.4 

11.5 

6.7 

8.3 

690 

8.5 

• 

• 

7.0 

6.0 

4.5 

12.7 

9.6 

9.2 

710 

• 

• 

• 

• 

• 

• 

* 

• 

• 

730 

• 

• 

r 

• 

• 

• 

• 

• 

750 

• 

• 

• 

• 

• 

• 

• 

• 

• 

770 

• 

• 

• 

• 

• 

• 

• 

• 

• 

790 

• 

• 

• 

• 

• 

• 

• 

• 

810 

• 

• 

• 

• 

• 

• 

• 

• 

• 

830 

• 

• 

• 

• 

• 

* 

• 

• 

* 

850 

• 

• 

• 

• 

• 

•* 

• 

• 

• 

870 

• 

• 

• 

• 

* 

• 

• 

• 

• 

890 

• 

• 

• 

• 

• 

• 

• 

• 

m 

DIAGRAM  13 

NO.l 

SPRUCE 

LENINGRAD 

YOUNG  NEEDLES  /  G,  I  1  /  JUNE  21,  1955  / 

/  ARCYES580SD*  ( BEL0SV59AFL ) 

NO  .2 

BIRCH 

YOUNG  LEAVES,  LIGHT  GREEN  / 

G,  I  1  / 

JUNE  21, 

1955  /  LET' INGRAD  /  ARCYES580SD, 

(BEL0SV59AFL) 

a 

• 

SPRUCE 

OLO  NEEDLES  ;  G,  I  X  •  JUNE 

21,  1955  / 

LENINGRAD  /  ARCYES580SD,  ( BEL0SV59A>L  > 


DIAGRAM  14 

NO « 1  SCOTCH  P INE  1  TO  2  YEARS  OLD  SHOOTS,  (STAND  •  EAT-MOSS 

PINE  FOREST,  A  120  TO  140,  S  V)  /  G,  I  1,  AVERAGE  OF 
5  TREES  /  JUNE  20  TO  23,  1955,  SA  47  TC  51  /  LENINGRAD 
BELOSV59AFL 

NO. 2  ID.  (STAND  *  BILBERRY  PINE  FOREST,  A  120, 

S  III)  /  JUNE  21  TO  29,  1955 

NO. 3  ID.  (STAND  *  MOOD-SORREL  PINE  FORES  f ,  A  120, 

S  II!  /  AVERAGE  Or  2  TREES  /  JUNE  20  TO  2*<\-  1955, 

SA  45  TO  47 


s 


DIAGRAM  15 

NO.. 

BIRCH 

S  V) 

/  G,  I 

JULY 

1,  1955 

NO  .2 

ID. 

100, 

S  III) 

28, 

.955,  SA 

NO.  3 

ID. 

90, 

>  I  TO  I 

SO, 

1955,  SA 

(STAND  *  PEAT-MOSS  BIRCH  FOREST,  A  100, 

I  ,  AVERAGE  OF  3  MEASUREMENTS  /  JUNE  2C  TO 
,  SA  46  TO  43  /  LENINGRAD  /  BEL0SV59AFL 

(STAND  •  BILBERRY  BIRCH  FOREST,  A  30  TC 
/  AVERAGE  OF  5  MEASUREMENTS  /  JUNE  23  TO 
'6  TO  51 

iSfAND  •  HOOD-SORREL  BIRCH  FOREST,  A  80 

II  /  AVERAGE  OF  5  MEASUREMENTS  /  JUNE  25 
46  TO  51 


TO 

TO 


144 


WAVE¬ 

DIAGRAM 

16 

DIAGRAM 

17 

DIAGRAM 

13 

LENGTH 

NO  .1 

NO. 2 

NO.? 

NO.  1 

NO. 2 

NO.  3 

NO*  1 

NO. 2 

NO. 3 

MM ICR. 

400 

• 

6 

• 

• 

• 

• 

• 

• 

430 

• 

• 

• 

• 

• 

• 

• 

• 

450 

6.5 

4.0 

4.9 

3.0 

4.0 

• 

8.3 

4.2 

8.8 

470 

5.8 

2.6 

4.2 

3.1 

3.6 

• 

8.8 

4.5 

9.2 

490 

5.0 

2.4 

3.8 

2.9 

3.5 

• 

9.6 

4.3 

9.8 

510 

6.5 

4.0 

5.0 

3.1 

6.3 

3.2 

11.5 

5.5 

13.8 

530 

11.8 

7.3 

8.8 

6.5 

12.7 

3.6 

15.4 

8.5 

23.8 

550 

13.5 

9.2 

10.5 

8,2 

17.8 

4.5 

17.5 

10.5 

32.6 

570 

10  7 

8.0 

9.0 

7.2 

22.6 

5.8 

15.5 

10.1 

40.0 

590 

8.3 

6.8 

7.5 

5.8 

25.1 

7.7 

14.0 

8.7 

42.3 

610 

7.1 

5.8 

6.5 

4.9 

25.4 

8.7 

13.5 

6.8 

42.0 

630 

6.7 

5.4 

6.0 

4.7 

24.7 

9.  4 

12.4 

6.7 

43.5 

650 

6.4 

4.6 

5.3 

3.8 

23.3 

9.8 

10.9 

6.3 

43.5 

670 

6.6 

4.4 

5.5 

3.3 

22.5 

10,7 

11.8 

5.4 

43.2 

690 

12.5 

9.8 

9.3 

6.4 

26.5 

12,5 

21.5 

7.6 

46.0 

710 

43.5 

39.5 

32.2 

19.8 

36.6 

15.5 

53.5 

19.4 

49.8 

730 

70.2 

65.2 

56.9 

32.0 

40.5 

17.9 

73.2 

30.0 

52.1 

750 

79.0 

69.5 

61.3 

37.2 

43.0 

18.1 

78.2 

34.3 

53.2 

770 

80.8 

71.1 

63.2 

38. C 

45.3 

18.5 

79.8 

36.4 

54.2 

790 

79.8 

72.6 

64.1 

39.3 

47.6 

19.8 

80.2 

37.5 

55.6 

BIO 

79.8 

73.3 

65.0 

39.7 

49.5 

21.3 

80.2 

38.4 

55.8 

830 

81.0 

73.9 

65.2 

40.0 

50.9 

23.0 

80.3 

39.4 

57.8 

050 

82.0 

73.8 

65.4 

40.5 

32,0 

24.3 

80.3 

39.8 

58.3 

070 

82.1 

74.0 

66.2 

41.0 

53.0 

25.3 

80.4 

40.2 

58.7 

890 

82.0 

74.1 

67.2 

41.3 

53.5 

25.8 

80.4 

40.4 

58.7 

DIAGRAM 

16 

NO  .  1  BEECH 

GREEN 

LEAVES 

(TREE 

•  A  SO, 

H  17, 

D  30) 

/ 

G,  I 

2,(1) 

/  JULY 

16,  195 

?  *A 

60  /  UVOV  / 

ALEKVA6  SOP 

NO. 2  ID.  JULY  SI,  SA  58 

NO. 3  ID.  SEPTEMBEI  14,  1958,  SA  43 


DIAGRAM  17 

NO . 1  BEECH  GREEN  LEAVES  (DETAILS  AS  FOR  DIAG.  16)  / 

G,  I  2,(1)  /  SEPTEMBER  29,  1958,  S t  36  /  ',VOV  / 
ALEKVA60SDP 

1958,  SA  36  /  L.VOV  /  ALERVA60SD-* 


NO. 2 

ID. 

YELLOW-ORANGE  LEAVES  / 

OCTOBER  1,  1958, 

SA  39 

NO. 3 

ID. 

DRY  LEAVES,  GRAY-BROWN 

/  OCTOBER  11,  1958, 

SA  32 

DIAGRAM  18 

NO  .  1 

EUROPEAN  WHITE 

BIRCH  GREEN  LEAVES 

(TREE  •  A  55,  H  23, 

0  .5)  t  G,  I 
ALEKVA60SDP 

2,(1)  !  JUNE  17,  1958, 

SA  43  /  L ,  VOV  / 

NO  .2 

10. 

SEPTEMBER  SO,  1938,  SA 

36 

NO. 3 

10. 

YELLOW  LEAVES  >  OCTOBER  11,  1958,  SA  34 
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WAVE¬ 

LENGTH 

MMICR. 


DIAGRAM 
NO. 1  NO. 2 


AOO 

• 

5.0 

430 

• 

5. A 

450 

• 

5.4 

A  70 

• 

5.3 

A90 

• 

5.2 

510 

• 

5.1 

530 

• 

5.0 

550 

19.2 

5.6 

570 

15.2 

3.2 

590 

12.4 

24. 0 

610 

11.0 

36.8 

630 

10.0 

47. 0 

650 

8  .6 

A9.0 

6  70 

7.5 

52.0 

690 

22.0 

69.0 

710 

50.0 

72.0 

730 

79.0 

73.0 

750 

84.8 

73,5 

770 

85.1 

74.0 

790 

85.2 

74.0 

810 

• 

• 

8  30 

• 

• 

850 

• 

• 

8  70 

• 

890 

DIAGRAM  19 

NO  .  1  ASPEN 

G,  I  3,(1)  / 

BEL0SV59AFL 
NO. 2  ID. 

1957,  SA  37 
NO. 3  ID. 

1957,  S'  37 

DIAGRAM  20 

NO  .  1  MAHE, 
NO  .2  ID. 

NO. 3  ID. 

DIAGRAM  :i 

LEAVES 

NO  .1 

NO. 2 

LARCH,  NEEDLES 
BAKHVM60MSA  l 
ID. 

19 

NO. 3 


7.3 

7.2 
7.6 

8.2 

10.5 
18.3 
29  .2 

34.2 

36.2 
38.0 

39.5 
AO. 6 
A2.0 
A3.  A 
A5.0 
A7.5 
51. A 
56. A 
58.0 
58.0 


DIAGRAM  20 


DIAGRAM 


NO.  1 

NO  *2 

NO. 3 

NO .  1 

NO. 2 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

7.8 

* 

• 

• 

• 

8.5 

9.3 

10.7 

18.5 

17.2 

10.  T 

19.4 

25.0 

20.2 

23.0 

14.2 

24.3 

25.8 

22.5 

27.6 

12.1 

24.5 

33.0 

25.0 

31.0 

10.6 

20.2 

36.4 

27. 6 

32.5 

9.7 

18.4 

38.0 

29.7 

31.2 

8.5 

16.0 

39.5 

30.8 

29.4 

7.5 

14.0 

41.7 

35.5 

29.8 

6.2 

9.8 

43.5 

33.8 

24.0 

7.7 

10.8 

45.0 

35.8 

27.3 

26.0 

32.0 

46.7 

43.5 

47.2 

33.1 

45.0 

49.0 

45.0 

64.0 

• 

• 

m 

47.0 

67.3 

• 

• 

• 

50.0 

69.0 

• 

• 

m 

52.3 

70.5 

• 

• 

• 

54.7 

7!  5 

• 

• 

• 

55.7 

72  0 

y 

• 

• 

• 

• 

A 

• 

• 

* 

• 

• 

• 

• 

% 

• 

21 

NO. 3 


GREEN  LEAVES.  (STAND  *  A  30.  S  III,  3  0.3) 
AUGUST  25,  1957,  SA  A2  /  TOMSK  / 

RED  LEAVES,  (TREE  *  A  40!  /  SEPTEMBER.  12, 

YELLOW  LEAVES,  (TREE  *  A  40)  /  SEPTEMBER  12, 


GREENLY  '  PR0NAK49IRA  (AFTER  N.  E  •  VEDENEEVA) 
YELLOW 


YELLOW  /  I  6  /  WESTERN  YAKUTIA  / 
!AET£R  Z.l.  PETRUSHKJNA) 

GREEN 


m.m  wi 
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WAVE¬ 

DIAGRAM 

22 

DIAGRAM 

23 

DIAGRAM 

24 

LENGTH 

NO.) 

NO. 2 

NO. 3 

NO.l 

NO. 2 

NO.  3 

NO.l 

NO.  2 

NO. 

MM  ICR. 

400 

• 

• 

• 

• 

• 

• 

. 

. 

430 

3.8 

7.9 

.3 

2.2 

4.1 

8.2 

. 

. 

450 

3.7 

8.3 

.4 

2.5 

4.3 

9.3 

2.0 

3.1 

470 

4.2 

9.3 

.5 

2.8 

4.8 

11.0 

1.7 

3.3 

490 

5.7 

12.0 

.7 

3.6 

6.3 

15.4 

2.0 

3.8 

510 

6.2 

15.0 

1.0 

A. 3 

8.3 

23.1 

2.5 

4.7 

530 

8.1 

17.2 

1.2 

4.1 

10.0 

27.1 

3.4 

6.5 

550 

9.6 

18.4 

1.1 

4.4 

11.4 

28.5 

3.9 

6.8 

570 

7.6 

15.0 

.8 

4.3 

9.8 

25.6 

3.6 

6.4 

590 

6.3 

13.5 

.8 

4.0 

7.0 

22.5 

3.2 

5.8 

610 

o,0 

13.4 

.8 

3.8 

6.0 

20.7 

2.5 

4.0 

630 

5.9 

13.4 

.7 

3.6 

5.5 

19.3 

2.1 

3.7 

650 

6.0 

13.7 

.6 

3.8 

5.2 

18.1 

2.3 

4.2 

670 

6.3 

14.0 

.5 

4.7 

5.5 

17.7 

2.8 

4.8 

690 

11.0 

15.5 

.4 

5.4 

6.5 

19.9 

5.2 

5.5 

710 

37.6 

• 

• 

10.5 

20.6 

29.5 

. 

. 

730 

49.7 

• 

• 

24.5 

45.0 

66.2 

. 

. 

750 

50.0 

• 

• 

36.0 

56.2 

6  8  •  7 

. 

• 

770 

49.7 

• 

• 

37.0 

57.0 

69.3 

. 

• 

790 

• 

• 

• 

37.2 

58.0 

69.5 

. 

• 

810 

• 

• 

• 

• 

. 

. 

• 

830 

• 

• 

• 

• 

• 

. 

> 

• 

850 

• 

• 

• 

• 

. 

. 

• 

870 

• 

• 

• 

• 

• 

• 

. 

• 

890 

• 

• 

• 

• 

• 

• 

. 

• 

DIAGRAM  22 

NO  .  1 

PUBESCENT  8JRCH,  LEAVES 

UPPER 

SIDE  (STAND  * 

A  80, 

S  IV! 

!  G, 

I  1,5  / 

JULY  6 

,  1956,  SA  45 

TO  46 

/ 

ARKHANGELSK 

/  BEL0SV59AFL 

NO.  2 

ID. 

LOWER 

SIDE 

NO. 3 

10. 

LOWER 

SIDE, 

IN  SHADOW 

DIAGRAM  23 

NO.:  ASPEN*  WHOLE  CROWN  I  ST  AN 1  *  A  30*  S  1 1  )  /  G,  I  1*5  / 
AUGUST  20,  1956,  SA  38  /  ARKHANGELSK  /  bEL0SV59AFL 
NO. 2  ID.,  LEAVES  DARK-GREEN,  UPPER  SIDE 
NO. 3  ID.  LOWER  SIDE 

DIAGRAM  2* 

NO. I  BIRCH,  LEAVES  GREEN,  FROM  UPPER  PART  OF  CROWN, 

(STAND  •  A  70,  S  III,  B  0.6,  6 1 L.SERRV  BIRCH  FOREST)  / 
G,  I  1  /  SEPTEMBER  9,  1955  f  LENINGRAD  /  ARC YES580SD, 
(BEL0SV59AFL) 


NO.  7.  ID 


FROM  LOWER  PAR?  OF  CROWN 


Mitt l (««TM  IR  M|Ll?RlCiOM 


•  MI.I1  0/0 


SFKTtil  MnKTMCP  ruNVfs 

S:  i  Will 


liman* 


nn. 
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WAVE¬ 

DIAGRAM 

25 

DIAGRAM 

26 

DIAGRAM 

27 

LENGTH 
MM ICR. 

NO.l 

NO. 2 

NO. 3 

NO.l 

NO. 2 

NO. 3 

NO.l 

NO. 2 

NO.  3 

400 

• 

• 

* 

• 

• 

• 

• 

• 

• 

430 

• 

• 

o 

• 

• 

• 

• 

• 

• 

450 

• 

• 

• 

• 

• 

• 

• 

• 

• 

470 

• 

• 

• 

• 

* 

• 

• 

• 

• 

490 

• 

• 

• 

• 

• 

• 

• 

• 

• 

510 

• 

• 

• 

• 

• 

• 

• 

• 

• 

530 

• 

• 

• 

6.2 

8.5 

6.7 

• 

• 

• 

550 

6.0 

4.3 

2.8 

6.8 

9.2 

7.: 

3.8 

7.3 

2.5 

570 

4.8 

3.5 

2.6 

5.9 

7.9 

6.6 

3.0 

5.4 

1.8 

590 

3.7 

2  .8 

2.1 

4.9 

6.4 

5.4 

2.5 

4.0 

1.5 

610 

2.9 

2.3 

1.7 

4.6 

5.8 

5.0 

2.3 

3.1 

1.3 

630 

2.5 

2.0 

1.3 

4.8 

5.6 

4.9 

2.0 

2.9 

1.2 

650 

2.4 

1.6 

1.2 

4.7 

C.7 

4.4 

2.0 

2.8 

1.1 

670 

2.3 

1.4 

1.0 

5.2 

6  ,2 

5.4 

2.1 

3.2 

1.2 

690 

2.7 

2.0 

1.5 

7.4 

8.5 

7.9 

3.3 

5.4 

1.4 

710 

7.9 

7.0 

5.1 

12.3 

15.6 

13.9 

8.0 

il.l 

3.7 

730 

34.7 

29.3 

22.0 

16.6 

20.0 

16.2 

21.3 

£6  3 

12.5 

750 

39.5 

36.6 

30.1 

17.0 

21.1 

16.7 

32.5 

39.8 

26. 1 

770 

• 

- 

• 

16.2 

20.7 

16.1 

34.5 

41.3 

28.1 

790 

* 

• 

• 

• 

• 

• 

34.6 

41.2 

28.4 

810 

• 

• 

• 

• 

• 

• 

• 

• 

• 

830 

• 

• 

• 

• 

• 

* 

• 

• 

• 

850 

• 

• 

• 

• 

V 

• 

• 

• 

870 

• 

• 

• 

• 

• 

« 

• 

♦ 

• 

890 

• 

• 

• 

• 

• 

• 

4 

• 

• 

DIAGRAM  25 

NO. I  STAND  Or  SCOTCH  PINE  (FOR  DETAILS  SEE  TABLE  6,  PLOT  1) 
P,  I  3,  DM  30  -  *0  /  JULY  11,  1958,  rA  54  /  L , </OV  / 
ALEKVA60 302 

NO. 2  ID.  DM  0 

NO. 3  ID.  OM  30,0 

DIAGRAM  26 

NO.l  STAND  OF  SCOTCH  PINfc  MATURE,  (FOR  DETAILS  SEE  TABLE  4, 
PLOT  1)  /  P,  I  5,  DM  0  /  AUGUST  11,  1955,  SA  / 
LENINGRAD  /  A*CYES580SD,  ( BEL0SV5 9AFL ) 

NO  ,2  10.  UN  25,180 

NO. 3  ID.  DM  25,90 

DIAGRAM  27 

NO.l  STAND  OF  SIBERIAN  FIR  (FOR  DETAILS  SEE  TABLE  5, 

PLOT  4)  /  P,  I  3,  DM  30,90  /  SEPTEMBER  14,  1957,  SA  34  / 
TOMSK  /  8EL0SV59AFL 

NO. 2  ID.  DM  30,180 

NO. 3  10.  DM  0 
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WAVE¬ 

OIAGRAM 

28 

DIAGRAM 

29 

DIAGRAM 

30 

LENGTH 

MMICR. 

NO.  1 

NO. 2 

NO. 3 

NO.l 

NO.  2 

NO. 3 

NO.l 

NO. 2 

NO. 3 

400 

• 

• 

• 

• 

• 

0 

0 

0 

0 

*?0 

• 

0 

♦ 

« 

• 

0 

0 

0 

0 

45  w 

• 

• 

• 

0 

0 

0 

0 

0 

470 

• 

• 

m 

• 

0 

0 

0 

0 

0 

490 

• 

• 

« 

• 

0 

• 

• 

0 

510 

• 

• 

• 

• 

0 

0 

0 

• 

0 

530 

• 

• 

• 

• 

0 

0 

5.6 

7.4 

5.0 

550 

6.7 

4.3 

3.8 

10.0 

7.6 

8.1 

6.4 

8.5 

5.6 

5  70 

5.6 

4.0 

3.5 

8.3 

6.5 

7.0 

5.3 

7.6 

5.0 

590 

4.5 

3.1 

2.5 

7.0 

4.8 

5.5 

4.6 

5.9 

4.3 

610 

3.8 

2.3 

1.9 

5.8 

3.9 

4.7 

4.4 

5.7 

4.1 

630 

3.4 

2.4 

2.0 

5.3 

3.6 

4.2 

4.2 

4.5 

3.7 

650 

3.1 

2.2 

1.8 

5.1 

3.3 

3.9 

4.1 

4.8 

3.3 

670 

3.0 

2.0 

1.5 

5,2 

3.3 

3.7 

4.4 

5.3 

4.3 

690 

4.5 

3.0 

2.4 

6.7 

5.0 

4.6 

6.5 

7.0 

6.2 

710 

27.5 

13.4 

8.1 

37.8 

26.5 

17.4 

12.8 

15.7 

11.5 

730 

63.5 

60.0 

50.6 

61.5 

58.2 

53.3 

25.9 

35.2 

27.2 

750 

68.0 

65.7 

53.4 

64.6 

61.4 

58.4 

27.0 

39.4 

32.5 

770 

• 

• 

• 

• 

0 

0 

27.1 

39.5 

32.9 

790 

• 

• 

• 

• 

0 

0 

• 

• 

• 

810 

• 

• 

• 

• 

• 

0 

• 

• 

830 

4 

• 

• 

• 

0 

0 

# 

0 

0 

850 

• 

• 

• 

• 

0 

0 

0 

0 

.. 

870 

0 

• 

• 

• 

0 

0 

0 

0 

» 

890 

- 

• 

• 

• 

0 

0 

• 

0 

0 

DIAGRAM  28 

NO  » 1  STAND  OF  EUROPEAN  WHITE  BIRCH  (FOR  DETAILS  SEE  TABLE  6, 
PLOT  3!  /  Pi  I  3,  OM  30il80  /  JULY  lit  1958,  SA  54  / 
L.VOV  /  ALEKVA60S0P 

NC  *2  ID.  OM  0 

NO. 3  ID.  DM  30,0 

DIAGRAM  29 

NO .1  STAND  OF  BEECH  (FOR  DETAILS  SEE  TABLE  5,  PLOT  6)  / 

P,  I  3,  DM  30,180  /  JULY  11,  1958,  SA  54  /  L,VOV  / 
ALEKVA60S0P 

NO. 2  ID.  DM  0 

NO. 3  ID.  OM  30,0 

DIAGRAM  30 

(JC.l  STAND  CF  ASPEN  MATURE  (FOR  DETAILS  SEE  TABLE  4,  PLOT  4) 
P,  I  5,  CM  0  /  AUGUST  11,  1955,  SA  37  /  LENINGRAD  / 
ARCYES580S0,  (6EL0SV59AFL I 

NO .2  10.  DM  25,180 

NO. 3  10.  OM  25,90 


WAVE¬ 

DIAGRAM 

31 

DIAGRAM 

32 

DIAGRAM 

33 

LENGTH 

m.i 

NO. 2 

NO. 3 

NO.  1 

NO. 2 

NO. 3 

NC.l 

NO. 2 

NO. 3 

MM  ICR. 

400 

21.2 

7.5 

4.5 

9 

• 

• 

70.0 

3C.5 

15.0 

430 

21.0 

7.2 

5.2 

• 

• 

• 

71.3 

29.0 

15.5 

450 

22.0 

7.4 

5.7 

6.8 

6.1 

6.5 

74.0 

29.0 

16.0 

470 

23.2 

7.8 

6.5 

7.0 

6.2 

6.6 

76.0 

29.7 

15.4 

490 

24.2 

9.0 

7.3 

7.4 

6.8 

7.1 

78.0 

30,8 

15.2 

510 

24.5 

10.0 

7.0 

-3.0 

7.2 

7.5 

79.8 

31  ,2 

16.0 

520 

25.0 

11.5 

8.7 

9.1 

7.8 

3.2 

81.0 

33.0 

17.3 

550 

24.9 

14.0 

9.6 

10.8 

8.5 

9.0 

82.0 

32.6 

16.3 

570 

25.5 

14.8 

9.3 

12.9 

9.0 

9.3 

83.0 

32.0 

16.6 

^90 

27.0 

15.7 

9.5 

)  4.7 

9.5 

9.7 

84.0 

32.1 

17.5 

610 

28.0 

17.0 

10.1 

16.1 

10.1 

9.3 

85.5 

33.5 

18.2 

630 

28.0 

19.4 

11.5 

17.5 

10.5 

9.0 

87.5 

33.6 

18.6 

650 

27.8 

20.4 

12.1 

18.6 

11,3 

8.7 

88.1 

33.6 

18.3 

670 

27.6 

20.8 

12.2 

20.0 

12.  , 

9.0 

88.2 

33.6 

18.0 

690 

27.4 

21.4 

12.3 

23.3 

14.2 

10.7 

38.2 

33.4 

17.5 

710 

• 

• 

• 

27.9 

16.3 

14.3 

• 

• 

• 

730 

• 

• 

* 

31.2 

18.0 

16.0 

• 

• 

• 

750 

• 

• 

• 

34.5 

19.8 

16.8 

• 

• 

• 

770 

• 

• 

• 

37.5 

21.5 

17.4 

• 

• 

• 

790 

• 

• 

r> 

4.0 

23.1 

18.  C 

• 

• 

• 

810 

• 

• 

• 

42.5 

24.8 

18.6 

• 

• 

• 

830 

• 

• 

* 

44.5 

26.1 

19.2 

• 

• 

» 

850 

• 

• 

• 

46  ,.2 

27.7 

19.9 

• 

• 

870 

• 

• 

• 

47.5 

28.7 

20.7 

• 

• 

• 

890 

• 

• 

• 

48.2 

29.5 

21.4 

• 

• 

• 

DIAGRAM  31 

NO . 1  BARK  OF 

ASPEN 

(TREE  *  A 

70)  / 

G,  I  1 

/  195T , 

SA  20 

/ 

TOMSK  /  BEL0SV59AFL 

NO. 2  PINE,  BRANCHES  FRESH,  WITHOUT  NEEDLES  /  G,  I  1  /  1957, 
SA  34  /  TOMSK  /  8ELOSV59AFL 

NO. 3  ASPEN,  BRANCHES  FRESH,  WITHOUT  LEAVES  /  G,  I  1  /  1957, 
SA  44  /  TOMSK  /  8EL0SB59AFL 

OIAGRAM  32 

NO • 1  BARK  OF  SCOTCH  PINE  YOUNG,  YELLOW-ORANGE  /  G,  I  2,(11 
OCTOBER  11,  1958,  SA  31  /  L,VOV  /  ALEKVA60SDP 

NO. 2  ID.  OLD,  BRUWN 

NG.3  SARK  OF  BlrlCH  DARK  GRAY  /  G,  I  2,(1)  /  OCTOBER  11, 
1958,  SA  31  /  L,VOV  /  ALEKVA60SDP 

OIAGRAM  33 

NO .1  BARK  OF  BIRCH  WHITE,  SMOOTH  /  G,  I  l  /  1957,  SA  20  / 
TOMSK  i  BEL03V59AFL 

NO .2  ID.  FROM  LOWER  PART  OF  STEM,  WITH  LONGITUDINAL 

DARK-GRAY  FISSURES 

NO. 3  BARK  OF  SIBERIAN  FIR  FROM  LOWER  PART  OF  STEM,  (TREE  * 

A  70)  /  G,  I  1  /  1957,  SA  20  /  TOMSK  /  BELQSV59AFL 


iso 


WAVE¬ 

01 AGR&M 

34 

oiagr;  i 

35 

DIAGRAM 

36 

LENGTH 

NO.l 

NO. 2 

NO. 3 

NO.l 

NO. 2 

NO. 3 

NO.l 

NO.  2 

NO. 3 

MM1CR. 

400 

• 

• 

• 

• 

0 

• 

• 

• 

• 

430 

6.5 

6.7 

8.2 

• 

0 

• 

4.0 

6.0 

2.7 

■».  . 

7.3 

7.0 

11.5 

• 

0 

• 

4.5 

6.5 

2*6 

470 

7.9 

7.0 

13.6 

• 

A 

• 

4.7 

6.4 

3.0 

490 

8  .5 

7.1 

14.4 

• 

• 

• 

4.7 

6.4 

3.2 

510 

8.C 

7.5 

14.6 

• 

• 

• 

4.8 

6.5 

3.2 

530 

9.6 

8.0 

15.4 

7.4 

• 

• 

5.0 

7.3 

3.2 

550 

10.2 

8.5 

17.0 

7.9 

• 

• 

5.3 

8.0 

3.6 

570 

10.7 

8.7 

16.4 

6.8 

7.2 

6.7 

5.3 

8.1 

3.5 

£90 

12.3 

9.5 

16.5 

5.4 

6.8 

6.4 

5.' 

8.) 

3.6 

610 

13.4 

10.7 

16.7 

5.0 

6.5 

6.0 

5.4 

8.3 

3.6 

630 

13.0 

11.3 

15.4 

5.0 

5.8 

S.9 

5.4 

8.5 

3.6 

650 

13.1 

11.4 

14.4 

4.7 

5.8 

J.9 

5.5 

8.5 

3.4 

670 

14.4 

1..9 

14.3 

5.1 

4.3 

5.2 

6.0 

8.6 

3.5 

690 

19.8 

14.5 

14.9 

7.6 

8.2 

9.4 

6.7 

8.8 

4.5 

710 

23.2 

19.0 

16.8 

13.6 

18.2 

19.6 

8.8 

12.2 

7.6 

730 

24.0 

21.7 

19.2 

22.0 

22.8 

26.8 

17.5 

19.8 

11.0 

750 

24.3 

22.7 

21.2 

21'.  2 

23.0 

27.8 

29.5 

38.0 

13.4 

770 

24.5 

22.9 

22.2 

23.3 

23.1 

27.9 

31.5 

40.6 

14.9 

790 

24.5 

23.0 

22.5 

• 

• 

• 

32.4 

41.0 

15.7 

810 

• 

• 

• 

• 

. 

• 

• 

• 

830 

• 

• 

• 

• 

• 

. 

• 

• 

• 

850 

• 

• 

• 

• 

• 

. 

• 

• 

• 

870 

• 

• 

• 

• 

• 

. 

• 

• 

• 

890 

• 

• 

• 

• 

• 

• 

• 

• 

• 

DIAGRAM  34 

NO.l  NORWAY  SPRUCE  DRY  BRANCHES  WITHOUT  NEEDLES,  60  PERCENT 
OF  SURFACE  COVERED  WITH  BEARD-MOSS  /  G,  I  1,3  / 

AUGUST  10,  1957,  5A  39  /  TOMSK  /  BEL0SV59AFL 

NO. 2  SIBERIAN  STONE  PINE  DRY  BRANCHES  WITHOUT  NEEDLES  Wi TK 
5  PERCENT  BEARD-MOSS  /  G,  I  1,3  /  AUGUST  10,  1957, 

SA  39  /  TOMSK  /  BEL0SV59AFL 

NO. 3  BEARO-MOSS  AIR-ORY  /  G,  I  1,3  /  AUGUST  10,  1957, 

SA  38  /  TOMSK  /  BELOS V59AFL 

DIAGRAM  35 

NO.l  STANO  OF  BIRCH  (FOR  DETAILS  SEE  TABLE  4,  PLOT  3)  / 

P,  I  5  /  AUGUST  11,  1955,  SA  36  TO  38  /  LENINGRAD  / 
ARCYES580SU,  ( BEL0SV59AFL) 

NO. 2  CLEARING  WITH  YOUNG  GROWTH  (50  PERCENT  BIRCH, 

40  PERCENT  ASPEN,  10  PERCENT  SPRUCE),  H  1.3,  B  0.6)  / 

P,  I  5  /  AUGUST  9,  1955,  SA  4C  TO  41  /  LENINGRAD  / 
ARCYES580S0,  ( BEL0SV59AFL ) 

NO. 3  10.  WITHOUT  YOUNG  GROWTH 

DIAGRAM  26 

NO.l  STAND  OF  DEAD  TREES  ( FOR  DETAILS  SEE  TABLE  5.  PIOT  5)  / 
P,  I  3,  DM  30,90,  AVERAGE  OF  3  MEASUREMENTS  /  JULY  TO 
AUGUST  1957,  SA  48  /  TOMSK  /  BELOSV59AFL 

NO. 2  ID.  DM  30,180,  1  hEA jUREMENT  /  SA  38 

NO. 3  ID.  DM  30,0,  AVERAGE  OF  2  MEASUREMENTS  /  SA  48 
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HAVE* 

DIAGRAM 

37 

DIAGRAM 

38 

DIAGRAM 

39 

LENGTH  NO.l 

NO.  2 

NO.  3 

NO.l  NO. 2 

NO. 3 

NO.l 

NO. 2 

NO.  3 

MH  ICR 

• 

400 

• 

• 

• 

2.3 

2.1 

1.7 

• 

• 

• 

4  SO 

• 

• 

• 

2.3 

2.2 

2.1 

• 

• 

• 

450 

• 

• 

• 

j.O 

2.7 

2.4 

5.2 

3.3 

6.0 

470 

• 

• 

• 

3.1 

3.0 

3.1 

4.5 

3.7 

6.5 

490 

• 

• 

• 

3.5 

3.3 

4.0 

4.5 

4.0 

7.5 

510 

• 

• 

• 

4.8 

4.2 

5o2 

6.8 

5.5 

8.S 

530 

• 

• 

• 

6.8 

7.5 

7.1 

8.7 

7.3 

10.0 

S50 

• 

• 

• 

8.0 

8.6 

8.6 

9.4 

8.5 

11.5 

570 

• 

• 

• 

6.7 

7.4 

7.5 

8.7 

8.1 

12.3 

590 

• 

• 

• 

5.3 

5.9 

5.7 

7.6 

7.7 

13.5 

610 

7.0 

7.0 

7.0 

4.7 

4.9 

4.7 

7.2 

7.7 

14.0 

630 

6.5 

6.5 

6.5 

4.2 

4.1 

3.7 

6.5 

7.3 

14.6 

650 

6.0 

6.0 

6.0 

3.7 

3.5 

3.3 

4.9 

6.5 

15.4 

670 

5.5 

5.5 

5.5 

3.1 

3.2 

3.2 

3.3 

5.7 

15.8 

690 

7.0 

7.0 

7.0 

2.8 

3.0 

3.1 

5.  4 

8.4 

16.4 

710 

19.5 

19.5 

19.5 

• 

• 

9.2 

17.1 

17.1 

730 

51.5 

45.0 

43.0 

• 

• 

• 

29.5 

21.7 

17.8 

750 

70." 

56.0 

49.0 

• 

• 

• 

44.1 

25.0 

18.6 

770 

79.0 

62.0 

52.0 

• 

• 

• 

48.2 

26.9 

19.2 

790 

83.0 

64.5 

53.0 

• 

• 

• 

49.1 

28.0 

20.0 

810 

86.0 

66  oO 

53.0 

• 

• 

V 

49.0 

28.6 

20.5 

830 

36.0 

67.0 

52.8 

• 

• 

• 

48.8 

29.0 

20.8 

850 

85.0 

67.0 

52.5 

• 

> 

• 

48.3 

29.5 

21,2 

8  70 

84.5 

67.0 

52.3 

• 

• 

• 

47.9 

29.5 

21.7 

890 

83.5 

66.5 

52.0 

• 

• 

• 

47.3 

29.5 

22.3 

DIAGRAM  37 

NO.l 

EUROPEAN  WHITE  BIRCH 

ON  WHITE 

PAPER  (R 

«  0.9)  / 

L,  I 

10  /  I LINAA476P0 

NO  .2 

ID. 

ON  GRAv 

PAPER 

(R  » 

0.55) 

NO. 3 

10. 

ON  BLACK  PAPER 

CP 

■  0.06) 

DIAGRAM  38 

NO.l 

NORWAY 

SPRUCE 

2  YEARS  OLD 

SHOOTS  /  G,  I 

1  / 

Si  28 

/ 

BEL0SV59AFL 

NO  .2 

ID. 

SA  34 

NO. 3 

ID. 

SA  40 

DIAGRAM  39 

NO.l 

OATS  WITH  VETCH  G, 

I  2. ill 

/  AUGUST  11, 

1958 

.  SA  53  / 

ItVOV 

/  ALEKVA60SDP 

NO  .2 

ID. 

STUBBLE 

-FIELD 

(SOIL  VISIBLE 

THROUGH  PLANTS) 

NO. 3 

LOAMY  SAND  SOIL  LIGHT-GRAY,  WITH  A  BROWNISH 

TINT  / 

G, 

I  2 i ! 1 )  /  AUGUST  lli  1958,  SA  53  /  LiVOV  2  ALEKVA60SDP 
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WAVE¬ 

OIAGRAM  40 

DIAGRAM  41 

DIAGRAM 

42 

LENGTH 

HMICR. 

NO.  1 

NO. 2  NO. 3 

NO.  1 

NO. 2  NO. 3 

NO.l 

NO.  2 

NO. 3 

40U 

3.0 

5.0 

5.4 

2.1 

• 

• 

• 

430 

2.4 

5.5 

4.9 

3.4 

• 

5.7 

2.7 

• 

450 

2.4 

5.7 

4.8 

3.5 

* 

7.0 

3.8 

• 

470 

2.5 

5,9 

4.7 

4.0 

• 

8.2 

4.0 

• 

400 

2.4 

6.2 

4.8 

4.0 

• 

9.0 

5.0 

• 

510 

2.8 

7*6  • 

5.7 

5.2 

• 

11.3 

6.3 

• 

530 

3.4 

9  *8 

7.7 

7.7 

• 

14.5 

7.0 

• 

550 

3.7 

llzO 

9.0 

9.4 

• 

17.0 

8.0 

• 

570 

3.4 

10*8 

8.9 

9.1 

• 

15.5 

7.7 

• 

590 

2.9 

9.6 

8.3 

8.3 

• 

14.0 

7.3 

• 

610 

2.9 

9.5 

8.4 

8.0 

• 

12.8 

6.0 

• 

630 

2.6 

10*0 

7.7 

8.2 

• 

12.0 

5.8 

• 

650 

2.6 

9.1 

7.4 

7.6 

• 

10. 0 

5-3 

• 

670 

• 

.  . 

. 

• 

• 

9.3 

'>.2 

• 

690 

• 

.  « 

* 

• 

• 

• 

• 

• 

710 

• 

#  . 

. 

• 

• 

• 

• 

r 

730 

• 

•  * 

• 

• 

• 

• 

• 

• 

7S0 

• 

.  . 

• 

• 

• 

• 

• 

• 

770 

• 

.  * 

• 

• 

• 

• 

790 

• 

.  • 

C 

• 

• 

• 

• 

• 

810 

• 

.  . 

• 

• 

• 

• 

• 

• 

830 

• 

.  . 

* 

• 

• 

• 

• 

• 

A50 

• 

•  • 

• 

• 

• 

• 

V 

• 

870 

• 

•  • 

• 

• 

• 

» 

• 

• 

890 

DIAGRAM 

• 

40 

.  • 

« 

• 

• 

• 

• 

• 

NO. 1  STAND  OF 

SPRUCE 

P  (FLYING 

HEIGHT 

300 

M)  /  VINOAI 55PAP • 

(KRINEL53SRP ) 

NO. 2  ID.  G,  MEASURED  HORIZONTALLY  WITH  THE  SUN 

BEHINO  THE  OBSERVER 


DIAGRAM  41 

NG.l  MEADOW  P  (FLYING  HEIGHT  300  H)  /  V1NOAI55PAP, 

(KRINEL53SRP I 
NO. 2  ID.  G 

DIAGRAM  42 

NO .1  BLACK  SAXAUL  BRANCHES  /  G.  I  1  /  (SUMMER)  1954  / 

SW  TURKMENIA  /  LJALKS60IOP 
NO .2  ID.  WHOLE  PLANT 


t 

■ 

■ 

-  162 

■*!> ; 

WAVE- 

DIAGRAM  43 

DIAGRAM 

44 

DIAGRAM  45 

1  LENGTH  NO  « 1 

NO. 2  NO  .3 

NO.  1 

NO. 2 

NO. 3 

NO.  1  NO.? 

NO.  3 

HM1CR 

9 

400 

9 

•  9 

1.9 

2.0 

3.1 

•  • 

• 

430 

1.3 

1.8  2.2 

1.9 

2.3 

3.3 

1.3  2.0 

1.8 

* 

45C 

1.7 

2.1  2.5 

2.1 

2.4 

3.5 

1.5  2.4 

2.2 

470 

2.5 

2.3  2.8 

2.1 

2.4 

3.5 

1.6  2.9 

2.7 

490 

3.0 

2.9  3.6 

2.1 

2.4 

3.6 

2.1  3.7 

3.2 

510 

3.5 

4.5  4.3 

2.5 

3.1 

4.5 

2.8  4.8 

3.7 

530 

4.4 

5.0  4.1 

4.0 

4.7 

5.8 

3.3  5.8 

4.3 

550 

4.4 

5.5  4.4 

4.8 

5,3 

6.4 

3.7  6=3 

5  •  i 

l 

5  70 

3.8 

5,1 

4.9 

5.9 

3.3  5.6 

4.4 

590 

2.  6 

4.5  4.0 

3.5 

4.6 

5.2 

3.0  4.6 

3.6 

i 

610 

2.2 

4.2  3.8 

3.0 

4*1 

4  •  6 

3.0  3.6 

3.0 

!  630 

2.2 

3.6  3.6 

2.9 

3.7 

4.0 

3.0 

2.8 

\ 

j  650 

2.4 

3.5  3«8 

2  8 

3.5 

3.8 

2.5 

2.9 

! 

670 

3.0 

3.3  4.7 

2.7 

3.3 

4.2 

1.8 

3.3 

690 

4.5 

4.0  5.4 

9.6 

5.0 

7.0 

2.7 

5.6 

710 

7.1 

7.0  10.5 

29.0 

25.8 

2C.7 

7.5 

22.8 

730 

16.7 

14.3  24.5 

40,0 

4?  .  0 

51.0 

14.5 

46.2 

750 

23.0 

19.7  36.0 

44.0 

4e,2 

61.2 

17.3 

50.0 

770 

24.0 

21.7  37.0 

44.6 

47.1 

62.7 

17.5 

50.8 

J 

J 

790 

24.0 

22.2  37.2 

44.6 

47.. 

52.o 

17.6 

9 

! 

610 

9 

•  9 

• 

9 

9 

•  * 

9 

i 

830 

• 

9  9 

• 

« 

• 

•  • 

• 

850 

9 

9  9 

• 

• 

• 

•  • 

• 

P70 

9 

9  * 

• 

• 

• 

•  • 

• 

890 

• 

•  t* 

9 

• 

• 

*  • 

• 

DIAGRAM  43 

NO  .  1 

NORWAY  SPRUCE  WHOLE  CROWN 

<  STAND  *  A  160,  S  IV)  /  G, 

I  1.5 

/  JULY  3,  1956,  SA  44  '0 

47  /  ARKHANGELSK  / 

BELOSV59AFL 

NO.  2 

SIBERIAN 

LARCH  WHOLE  CROWN  1ST 

AND  *  A 

160,  S  lit  TO 

IV) 

I 

G*  I  1 

,5  /  AUGUST 

20,  1956 

,  SA 

36  TO  38 

/  ARKHANGELSK  / 

j 

BEI.0SV59AFL 

NO. 3 

ASPEN 

W‘OLE 

CROWN  'STAND 

•  A  30, 

S  III)  /  G, 

j 

I  1,5 

/  AVGUST  20, 

1956,  SA  ii 8 

1  ARKHANGELSK  / 

1 

8EL0SV59AFL 

1 

DIAGRAM  44 

NO  •  1 

SIBERIAN 

FIR  WHOLE  CROWN 

(STAND  »  A  70 

TO  120,  S  II 

» 

B  0.8) 

/  G,  I  1,3, 

AVERAGE 

OF  4 

TREES  / 

AUGUST  7  TO 

10, 

1957, 

SA  3,.  /  TOMSK  /  BEL0SV59AEL 

NO. 2 

SIBERIAN 

STONE  PINF 

WHOLE 

CROWN  (STANO 

*  A  120,  S  11, 

B  0 . 8  i 

!  G,  I  1,3, 

AVERAGE 

OF  2 

TREES  / 

AUGUST  3  TO 

7, 

1557, 

SA  45  /  TOMSK  /  BEL0SV59AFL 

NO.  3 

ASPEN 

WHOLE 

CROWN  (STAND 

•  A  45, 

S  II ,  B  0.8) 

/ 

G,  I  1 

,3  /  AUGUST 

12,  1957 

,  SA 

34  /  TOMSK  /  BEL0SV59AFL 

DIAGRAM  45 

1 

NO.  1 

NORWAY  5PRUCF  WHOLE  CROWN 

(STAND  *  A  WO,  S  IV!  / 

G,  I  1 

,5  /  JULY  7, 

1956,  S 

•  44 

TO  46  / 

ARKHANGELSK  / 

BEL0SV59AFL 

NO. 2 

SCOTCH  PINE  WHOLE 

CROWN  (STAND 

•  A  140 

r  S  IV)  /  G, 

' 

S 

I  1,5 

/  AUGUST  ?, 

1956,  SA 

41  / 

ARKHANGELSK  / 

BEL0SV59AFL 

NO. 3 

BIRCH 

WHOLE 

CROWN  ( STAND 

•  A  80, 

S  IV  /  G,  ! 

1,5 

( 

JULY  6 

,  1956,  SA  45  TO  46 

/  ARKHANGELSK 

/  BEL0SV59AFL 

•  ! 

1 

' 

f 

| 

i 

A  ’ 

1 

, 

% 

WAVE¬ 

DIAGRAM  A6 

DIAGRAM 

47 

DIAGRAM 

48 

LENGTH 

NO.l 

NO. 2 

NO. 3 

NO.l 

NO.  2 

NO. 3 

NO.l 

NO. 2 

NO. 3 

MM1CR. 

AOO 

A, 

• 

• 

• 

4 

• 

• 

• 

• 

430 

• 

• 

• 

• 

• 

• 

• 

• 

« 

450 

3.5 

5.8 

A.O 

2.5 

A. 3 

3.2 

3.0 

L.S 

• 

470 

3.0 

5.9 

2.6 

2. A 

A.  3 

2.7 

2.7 

9.2 

• 

490 

3.2 

6.3 

2. A 

2.5 

A. 7 

2.7 

2.7 

9.8 

• 

510 

3.8 

7.8 

A.O 

3.5 

5.5 

3.7 

3.2 

13.8 

3.2 

530 

A. 9 

10.5 

7.3 

5.0 

8.5 

7.5 

4.6 

23.8 

3.6 

550 

6.0 

12.5 

9.2 

5.6 

9.9 

9.3 

5.6 

32.6 

4.5 

570 

5.6 

10.0 

8.0 

A. 8 

8.5 

7.8 

5.0 

AO.C 

5.8 

590 

A. A 

8. A 

6.8 

4.5 

7.3 

6.0 

3.8 

42.3 

7.7 

610 

A.  A 

8.6 

5.8 

A. 5 

7.1 

A. 9 

3.3 

42. 0 

8.7 

630 

A. A 

8. A 

5. A 

A. 3 

6.4 

A. 2 

3.3 

A3. 5 

9.4 

650 

A. 2 

7.2 

A. 6 

4.1 

5.T 

3.1 

3.2 

43.5 

9.8 

670 

A. A 

7.5 

A. A 

3.5 

6. A 

3.6 

3.0 

A3. 2 

10.7 

690 

7.0 

1A.3 

9.8 

6.6 

■9.5 

8.3 

3.7 

46. 0 

12.5 

710 

14.4 

36.8 

39.5 

16.1 

30.5 

24. 0 

9.0 

47.8 

15.5 

730 

22  .A 

57.0 

65.2 

23.0 

52.0 

52.5 

15.8 

52.1 

17.9 

750 

25.8 

61.3 

69.5 

26.1 

57.0 

60.  C 

18.9 

53.2 

18.1 

770 

25.0 

63.2 

71.1 

26.6 

58.0 

60. A 

19.2 

54. 2 

18.5 

790 

25.7 

6A.2 

72.6 

27.2 

58.1 

61.0 

19.7 

55.6 

19.8 

810 

25.8 

65.2 

73.3 

27. A 

58.3 

61.5 

20.1 

56.8 

21.3 

830 

26.1 

66.5 

73.9 

27.5 

59o6 

62.0 

20.6 

57.8 

23.0 

850 

26.3 

67.5 

73.8 

27.7 

60.0 

62.2 

21.1 

58.3 

24.3 

870 

26.6 

68.1 

7A.0 

28.0 

60.3 

62.8 

21.3 

58.7 

25.3 

890 

26.7 

67.5 

74.1 

28.1 

60.A 

63.0 

21. A 

58.7 

25.8 

DIAGRAM  46 
NO.l  SCOTCH 

PINE 

1  TO 

2  YEARS 

OLD  SHOOTS  (DETAILS 

AS  FOR 

DIAG. 

l)  / 

G,  I  2, 

(1)  /  AUGUST 

1,  1958 

,  SA  57 

/  LtVOV  / 

NO. 2 

ALEKVA60S0P 
EUROPEAN  WHITE  BIRCH 

GREEN  LEAVES  (DETAILS  AS  FOR 

DIAG. 

18)  / 

G,  I  2 

,m  / 

JULY  : 

31,  1958 

,  SA  51 

i  L,VOv  / 

NO. 3 

ALEKVA60SDP 

BEECH 

GREEN 

LEAVES 

(DET: 

MLS  AS 

FOR  DIAG.  16) 

/ 

G,  I 

2,(1) 

/  JULY 

31,  1958,  SA 

58  /  L, 

VOV  /  ALEKVA60SDP 

DIAGRAM  A 7 

NO.l  NORWAY  SPRUCE  1  TO  2  YEARS  OLD  SHOOTS  (DETAILS  AS  FOR 
DIAG.  A)  t  G,  I  2»  <  1 )  /  JULY  31,  1958,  SA  49  /  L,VOV  / 
ALEKVA60SDP 

NO. 2  ASPEN  GREEN  LEAVES  /  G,  I  2,(1)  /  AUGUST  1, 

)958,  SA  A3  /  L» VOV  /  ALEKVA60SDP 

NO. 3  ASH  GREEN  LEAVES  /  G,  I  2,(1)  /  AUGUST  1,  1958, 

SA  52  /  L,VOV  /  ALEKVA60SDP 

OIAGRAM  A 8 

NO.l  SCOTCH  PINE  1  TO  2  YEARS  OLD  SHOOTS  (OETAILS  AS  FOR 
DIAG.  1)  /  G,  S  2,(1)  /  /  OCTOBER  12,  1958,  SA  31  / 

L.VOV  /  ALEKVA60SDP 

NO .2  EUROPEAN  WHITE  BIRCH  YELLOW  LEAVES  (DETAILS  AS  FOR 

DIAG.  IB)  /  G,  I  2,(1)  /  OCTOBER  11,  1958,  SA  3A  /  L,VOV 
ALEKVA60SDP 

NO. 3  BEECH  DRY  LEAVES,  GRAYISH-BROWN  (DETAILS  AS  FOR 

DIAG.  16)  /  G,  1  2,(1)  /  OCTOBER  10,  195B,  SA  32  / 

L.VOV  /  ALEKVA60S0P 
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HAVE- 

DIAGRAM 

49 

DIAGRAM 

50 

DIAGRAM 

51 

LENGTH  NO . 1 

NO. 2 

NO.  3 

NO.l 

NO.  2 

NO. 3 

NO.l 

NO. 2 

NO.  3 

MM  ICR 

• 

400 

• 

• 

• 

• 

• 

• 

• 

• 

• 

430 

• 

• 

• 

• 

• 

€ 

• 

• 

• 

450 

1.6 

5.5 

5.5 

6.3 

7.5 

5.8 

5.8 

4.0 

3.2 

470 

1.3 

5  .5 

5.5 

8.8 

7.4 

6.1 

5.9 

2.6 

2.7 

490 

.8 

5.9 

6.0 

9.6 

7.7 

7.0 

6.3 

2.4 

2.7 

510 

1.6 

9.3 

9.7 

11.5 

8.5 

10-9 

7.8 

4.0 

3.7 

530 

3.0 

18.4 

18.6 

15.4 

10.7 

16.0 

10.5 

7.3 

7.5 

550 

3.8 

24.6 

23.1 

17.5 

11.4 

18.2 

12.5 

9,2 

9.3 

570 

3.1 

28.5 

20.5 

15.5 

10.7 

16.0 

10.0 

8.0 

7.6 

590 

2.6 

30.5 

17.2 

14.0 

9.5 

13.7 

8.4 

6.8 

6.0 

610 

2.1 

31.7 

16.0 

13.5 

8.3 

11.2 

8.6 

5.8 

4.9 

630 

2.0 

31.3 

14.1 

12.4 

7.4 

9.6 

8.4 

5.4 

4.2 

650 

2.1 

29.8 

9.7 

10.9 

6.0 

8.6 

7.7: 

4.6 

3.1 

670 

2.4 

28.0 

7.7 

11.8 

5.6 

8.5 

7.5 

4.4 

3.6 

690 

4.4 

29. Q 

10.5 

21.5 

9.4 

10.4 

14.3 

9.8 

8.3 

710 

10.6 

41.0 

39.5 

53.5 

29.8 

30.4 

36.8 

39.5 

24.0 

730 

16.2 

43.8 

49.0 

73.2 

62.5 

64.9 

57.0 

65.2 

52.5 

750 

2C.8 

45.5 

53.3 

78.2 

74.0 

77.4 

61.3 

69.5 

60.0 

770 

21.2 

46.7 

54.2 

79.8 

75.7 

78.0 

63.2 

71.1 

60.4 

790 

21.5 

47.9 

54.8 

80.2 

75.0 

78.0 

64*2 

72.6 

61.0 

810 

22.6 

48.6 

55.5 

80.2 

75.5 

78.0 

65.2 

73.3 

61.5 

830 

22.8 

49.7 

56.2 

80.3 

75.5 

78.0 

66.5 

73.9 

62.0 

650 

22.9 

50.7 

56.8 

80.3 

75.6 

78.0 

67.5 

73.8 

62.2 

870 

23.5 

51.7 

57.0 

80.4 

75.7 

7G.0 

68.1 

74.0 

62.8 

e90 

23.3 

52.6 

57.0 

80.4 

75.9 

78.0 

67.5 

74.1 

63.0 

DIAGRAM  49 

NO  •  l 

NORHAY 

SPRUCE 

1  TO 

2  YEARS  OLD 

SHOOTS 

(DETAILS  AS 

FOR 

DIAG. 

4)  /  I 

S,  I  2,(1)  /  SEPTEMBEP  29,  1958,  SA 

30  / 

L.VOV 

/  ALEKVA60SDP 

NO  .2 

ASPEN 

YELLOW 

LEAVES  /  G, 

I  2,(1) 

/  OCTOBER  11, 

1958, 

SA  32 

/  L.VOV 

/  ALEKVA60SDP 

NO. 3 

ASH 

YELLOW 

LEAVES  /  G, 

I  2,(1) 

/  OCTOBER  12, 

1958, 

SA  29 

/  L.VOV 

/  ALEKVA60SDP 

DIAGRAM  50 

NO  .1 

EUROPEAN  WHITE  BIRCH 

GREEN  LEAVES  (DETAILS  AS  FOR 

01  AG. 

18)  / 

G,  I  2, 

(l)  / 

JUNE  17,  1958, 

SA  43 

/  L,VOV  / 

ALEKVA60SDP 

NO. 2 

ASH 

GREEN 

LEAVES 

/  G, 

I  2,(1) 

i  JUNE 

7,  1958. 

SA  60 

/  L.VOV  /  ALEKVA60SDP 

NO.  3 

ENGLISH  OAK 

GRCEN 

LEAVES 

/  G, 

I  2,(1) 

/  JUNE 

8,  1958, 

SA  60 

/  L.VOV  /  ALEKVA60S0P 

DIAGRAM  51 

NO.  1 

EUROPEAN  WHITE  BIRCH 

GREEN  'EAVES  (OETAILS  AS  FOR 

DIAG. 

18)  / 

G,  I  2, 

(1)  / 

JULY  31,  1958, 

SA  51 

/  L,VOV  / 

ALEKVA60SDP 

NO  .2 

BEECH 

GREEN 

LEAVES 

(DETAILS  AS  FOR  OIAG.  16) 

/ 

G,  I 

2,(1) 

/  JULY  31,  1958,  SA 

58  /  L.VOV  /  ALCKVA60SDP 

NO. 3 

ASH 

GREEN 

LEAVES 

/  G» 

I  2,(1) 

/  AUGUST  1, 

1958, 

SA  52  /  L.VOV  /  ALEKVA60SDP 


Mn.ia 


LOMHL. 


WAVE¬ 

DIAGRAM 

52 

DIAGRAM 

53 

DIAGRAM 

54 

LENGTH 

mmicr. 

NO*  1 

NO. 2 

NO.  3 

NO.  1 

NO.  2 

NO. 3 

(0.1 

NO. 2 

NO. 3 

400 

• 

• 

♦ 

1.8 

2.0 

2.8 

1 

• 

• 

430 

• 

• 

• 

2.0 

2.0 

3.0 

• 

• 

• 

450 

2.5 

6.5 

3.0 

2.1 

2.3 

3.1 

• 

• 

• 

470 

2.8 

6.6 

3.1 

2.3 

2.5 

3.2 

• 

• 

• 

490 

3.2 

6.8 

3.5 

2.5 

3.0 

3.3 

• 

- 

* 

510 

3.9 

7.2 

3.9 

3.0 

2.6 

4.1 

6.4 

30.0 

14.3 

530 

4.5 

7.6 

4.5 

3.8 

4.7 

5.3 

9.5 

32.3 

18.5 

550 

5.5 

8.0 

5.0 

5.5 

6.0 

6.0 

1'  .8 

33.8 

22.0 

570 

6.7 

8.6 

5.5 

4.8 

5*7 

5.5 

13.0 

35.0 

25.5 

590 

8.0 

9.4 

5.9 

3.7 

5.0 

4.7 

13.2 

34.7 

27.0 

610 

9.1 

10.0 

6.2 

3.3 

4.6 

4.0 

13.3 

36.8 

27.4 

630 

9.6 

10.2 

6.5 

3.2 

4.3 

3.6 

13.5 

36.7 

27.8 

650 

10.2 

10  .6 

6.9 

2.8 

4.0 

3.8 

14.5 

36.3 

28.3 

670 

11.2 

11.1 

7.8 

2.5 

4.5 

4.3 

13.0 

37.0 

28.2 

690 

13.5 

11.7 

8.5 

5.5 

7.5 

13.5 

13.9 

37.3 

28.9 

71C 

16.2 

12.5 

8.9 

17.4 

25.0 

29.0 

24.2 

41.3 

30.7 

730 

13.0 

13.1 

9.2 

34.3 

40.5 

49.0 

32.7 

45.7 

32.0 

750 

18.  e 

13.9 

9.6 

44.2 

46.7 

59.0 

36.2 

48.0 

32.9 

770 

19.4 

14.9 

10.0 

45.0 

47.7 

60.8 

38.4 

48.5 

34.0 

790 

20.5 

15.8 

10.4 

45.0 

48.0 

60.9 

39.5 

49.2 

36.0 

610 

21.7 

16.6 

10.8 

• 

9 

• 

40.0 

49.8 

37.5 

830 

23.0 

17.4 

11.1 

C 

• 

41.0 

50.5 

38.5 

850 

24.5 

18.4 

11.9 

• 

* 

• 

• 

• 

• 

870 

25.2 

19.4 

12.5 

• 

• 

*> 

• 

• 

890 

25.8 

20.6 

13.1 

• 

• 

• 

• 

• 

• 

DIAGRAM  52 

NO  .1 

BEECH 

DRY  LEAVES,  GRAYISH-BROWN  /  G,  I  2,(1)  / 

OCTOBER  11. 

1958,  SA  31  /  L.VOV  /  ALrKVA60SDP 

NO  .2 

ASPEN 

DRY  LEAVES,  GRAY  /  G,  I  2,(1*  /  OCTOBER  11, 

1958,  SA  31 

/  L.VOV  /  ALEKVA60S0P 

NO. 3 

SCOTCH  PINE 

DRY  NEFOLES,  GRAY  /  G,  I  2,(1)  / 

OCTOBER  11, 

1958,  SA  31  /  L.VOV  /  ALEKVA60SUP 

DIAGRAM  S3 

NO  .1 

SIBERIAN  SPRUCE  WHOLE  CROWN  (STAND  •  A  70,  S  II,  B  0.0 

G,  I  1,3,  AVERAGE  OF  2  TREES  /  AUGUST  4  TO  11,  1957, 

SA  40  /  TOMSK  /  BEL0SV59AFL 

NO.  2 

SCOTCH  PINE 

WHOLE  CROWN  (STAND  *  A  40.  S  II,  B  0.5)  / 

G,  I  1,3,  AVERAGE  OF  2  TREES  /  AUGUST  3  TO  7,  1957, 

SA  46  /  TOM 

SK  /  6EL0S V59AFL 

NO. 3 

BIRCH 

WHOLE  CROWN  (STAND  *  A  45,  S  II,  U  0.8*  / 

Gv  I  1,3  / 

AUGUST  7,  1957,  SA  31  /  TONSK  /  8EL0SV59AFL 

01. 7  GRAM  54 

NO  .1 

MOSS 

BROWN  /  I  6  /  WESTERN  YAKUTIA  /  BAF.HVM60MSA 

(AFTER  Z.L. 

PETRUSHKINA) 

NO  .2 

REINOEER  MOSS 

I  6  /  WESTFRN  YAKUTIA  /  BAKHVM60MSA  (AFTER 

Z.L.  PETRUSHKINA) 

NO. 3 

LIMESTONE 

COVERED  WITH  LICHENS  /  I  6  /  WESTERN 

YAKUTIA  /  BAKHVM60MSA  (AFTER  Z.L.  PETRUSHKINA) 
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DIAGRAM  55 

D  ,  A.JRAM 

56 

DIAGRAM 

57 

LENGTH 

NO.i 

NO.2 

NO. 3 

NO.  1 

NO.2 

NO.  3 

NO.I 

NO.2 

NO. 3 

MMICR. 

400 

• 

• 

• 

• 

9 

a 

* 

a 

a 

430 

• 

• 

• 

• 

9 

a 

a 

a 

a 

450 

• 

• 

9 

1.2 

2.0 

2.5 

4.7 

2.7 

2.3 

470 

• 

• 

• 

1.2 

2.0 

2.6 

5.3 

3.3 

2.3 

490 

• 

• 

• 

1.2 

2.1 

3.0 

6.3 

4.3 

2.7 

510 

• 

• 

• 

1.7 

2.6 

4.1 

10.3 

6.8 

3.9 

530 

a 

• 

• 

2.5 

3.5 

5.3 

16.2 

14.2 

5.3 

550 

4.3 

7.6 

7.4 

3.0 

4.1 

5.7 

21.2 

17.0 

5.9 

570 

4.0 

6.5 

6.3 

2.7 

3.8 

5.0 

24.8 

19.3 

5.8 

590 

3.1 

4. a 

5.0 

2.1 

3.1 

4.0 

26.4 

22.4 

4.8 

610 

2.3 

3.9 

4.3 

1.9 

2.5 

3.1 

27.2 

24.4 

4.1 

630 

2.4 

3.6 

3.7 

1.8 

2.2 

2.6 

2?. 8 

25.4 

3.8 

650 

2.2 

3.3 

3.5 

1.8 

2.3 

2.6 

28.1 

25.8 

3.5 

670 

2.0 

3.3 

3.4 

1.6 

2.6 

3.0 

28.3 

25.5 

3.5 

690 

3.0 

5.0 

3.8 

2.1 

3.1 

3.4 

28.  ) 

25.0 

3.5 

710 

13.4 

26.5 

22.8 

a 

• 

a 

9 

. 

a 

730 

60.0 

56.2 

55.1 

• 

• 

a 

a 

. 

a 

750 

65.7 

61.4 

60.1 

a 

a 

a 

a 

a 

a 

770 

• 

• 

• 

• 

a 

* 

a 

a 

a 

790 

• 

• 

• 

a 

a 

a 

a 

a 

810 

• 

• 

9 

9 

a 

a 

a 

a 

a 

830 

• 

« 

9 

9 

a 

a 

a 

a 

a 

850 

• 

• 

9 

9 

a 

a 

a 

a 

a 

870 

* 

• 

9 

a 

a 

a 

a 

a 

890 

• 

• 

• 

9 

a 

a 

a 

a 

a 

DIAGRAM  55 

NO . 1  STAND  OF  EUROPEAN 

WHITE  BIRCH 

(FOR  DETAILS  SEE  TABLE  6, 

PLOT 

3)  /  P 

.  I  3 

,  OM  0  / 

JULY 

11.  1958 

.  SA  54 

/  L, 

vov  / 

NO.2 

ALEKVA60S0P 

STAND  OF  BEECH 

IFOR  DETAILS  SEE  TABLE 

6.  PLOT  6) 

/  p, 

I  3, 

OM  0  / 

JULY 

llr  1958 

,  SA 

54  /  L.VOV  /  ALEKVA60SDP 

NO.  3 

STANO 

DF  EUROPEAN 

ALOER 

(FOR 

o:tails 

SEE  TABLE  6, 

PLOT 

7)  /  P 

.  I  3 

,  DM  0  / 

JULY 

11,  1958 

,  SA  54 

/  L, 

vov  / 

ALEKVA60SDP 

DIAGRAM  56 

NO .  1  SCOTCH  PINE  Gt  I  i  /  SEPTEMBER  9,  1955  /LENINGRAD  / 
ARCYES580SD 

NO.2  3IRCH  G,  I  1  /  SEPTEMBER  9,  1955  /  LENINGRAD  / 

ARCYES580SD 

NO. 3  ASPEN  G,  I  l  /  SEPTEMBER  9,  1955  /  LENINGRAD  / 

ARCYES580S0 

DIAGRAM  57 

NO. I  BIRCH  LEAVES  WITH  FALL  COLORATION  /  G.  I  1  / 

OCTOBER  8,  1955  /  LENINGRAD  /  ARCYES580SD,  I BEL0SV59AFL I 

NO.2  ASPEN  LEAVES  WITH  FALL  COLORATION  /  Gi  I  1  / 

OCTOBER  8,  1935  /  LENINGRAD  /  ARCYES58CSD,  I BEL0SV59.' FL  > 

NO. 3  SCOTCH  PINE  G,  I  1  /  OCTOBER  B,  1955  /  LENINGRAD  / 
ARCYES580SD,  ( BELOSV59AFL ) 
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WAVE¬ 

DIAGRAM 

58 

DIAGRAM 

59 

DIAGRAM 

60 

LENGTH 

MMICR. 

NO.l 

NO. 2 

NO. 3 

NO.l 

NO. 2 

NO. 3 

NO.l 

NC.L 

NO. 3 

400 

• 

• 

• 

• 

o 

9 

• 

• 

• 

430 

• 

• 

• 

• 

• 

• 

• 

• 

• 

450 

2.4 

1.9 

1.0 

1.7 

1.4 

.9 

• 

• 

m 

470 

2.0 

2.0 

1.3 

2.0 

1.4 

1.7 

• 

• 

• 

490 

2.0 

2.1 

1.2 

1.6 

1.4 

1.1 

• 

9 

• 

510 

2.6 

2.8 

1.3 

2.8 

2.0 

1.4 

• 

• 

• 

530 

4.2 

4.3 

1.6 

3.2 

3.1 

2.1 

6.4 

7.4 

5.6 

550 

4.6 

4.7 

2.2 

3.0 

3.4 

2.4 

7.0 

7.9 

6.0 

570 

3,6 

3.7 

2.0 

2.8 

2.3 

2.0 

6.0 

6,8 

5.1 

*90 

3.1 

3.1 

1.4 

2.C 

2.0 

1.7 

5.0 

5.4 

4.4 

610 

2. *8 

2.7 

1.5 

2.1 

2.1 

119 

4.7 

5.0 

4.2 

630 

2.3 

2.2 

1.4 

2.2 

1.9 

1.7 

4.7 

5.0 

4.1 

650 

1.8 

1.6 

1.2 

2.0 

1.9 

1.5 

4.7 

4.7 

3.8 

670 

2.2 

2.2 

1.6 

1.9 

2.3 

1.4 

5.0 

5.1 

4.7 

690 

• 

• 

• 

1.8 

2.9 

1.6 

7.1 

7.6 

6,5 

710 

• 

• 

• 

. 

• 

• 

12.8 

13.6 

11.7 

730 

• 

9 

• 

• 

• 

9 

16.4 

22.0 

22.0 

750 

• 

• 

• 

• 

• 

■9 

17.2 

23.2 

26.6 

770 

• 

• 

• 

• 

r 

17.3 

23. 3 

27.0 

790 

• 

• 

• 

• 

• 

„ 

• 

• 

n 

810 

• 

• 

• 

• 

• 

• 

C 

• 

« 

830 

• 

• 

• 

• 

• 

• 

• 

• 

» 

B  50 

• 

• 

• 

• 

• 

l 

• 

• 

• 

870 

• 

• 

• 

• 

• 

9 

• 

• 

w 

890 

• 

• 

0 

• 

• 

9 

• 

• 

* 

DIAGRAM  58 

NO.l  STANO  OF  SCOTCH  PINE  NATURE  (FOR  DETAILS  SEE  TABLE  4, 
PLOT  1)  /  P,  I  l  /  JUNE  24,  1955,  SA  34  TO  37  / 

LENINGRAD  /  ARC'ES5'IOSD,  ( 'JELOSV59AFL ) 

NO. 2  STAND  OF  BIRCH  MATURE  (FOR  DETAILS  SEE  TABLE  4,  PLOT  3) 
P,  I  1  /  JUNE  24,  1955,  $A  34  TO  37  /  LENINGRAD  / 
ARCYES580SU,  (BEL0SV59AFU 

NO. 3  STAND  OF  SPRUCE  MATURE  (FOR  DETAILS  SEE  TABLE  4,  PLOT  2) 
P.  I  1  /  JUNE  24,  1955,  SA  34  TO  37  /  LENINGRAD  / 
4RCYES580SD,  (BEI0SV59AFL) 

DIAGRAM  59 

NO.l  STANO  OF  SCOTCH  PINE  MATURE  (FOR  DETAILS  SEE  TABLE  4, 
PLOT  II  /  P,  I  1  /  JULY  19.  1955  /  LENINGRAD  / 

ARCYES580SO 

NO. 2  STAND  OF  BIRCH  MATURE  (FOR  OETAILS  SEE  TABLE  4,  PLOT  3) 
P,  I  1  /  JULY  19,  1955  /  LENINGRAD  /  ARCYES580SD 

NO. 3  STAHO  OF  ASPEN  MATURE  (FOR  DETAILS  SEE  TABLE  4,  PLOT  4) 
Ml/  JULY  19,  1955  LENINGRAD  /  ARCYES590SD 

DIAGRAM  60 

MO. I  STANC  OF  SCOTCH  PINE  (FOR  DETAILS  SEE  TABLE  4,  PLOT  IS 
P,  l  5  /  AUGUST  11,  1955,  SA  36  TO  36  i  LENINGRAD  / 

ARC YES58OS0,  (8EL0SV59AFL ) 

NO .2  STANO  OF  BIRCH  (FOR  DETAIIS  SEE  TABLE  4,  PLOT  3)  / 

P,  I  5  /  AUGUST  11,  1955,  SA  36  TO  36  /  LENINGRAD  / 

ARCYE 5580SD,  < BEL0SV59AFL > 

NO. 3  STANO  OF  ASPEN  (FOR  DETAILS  SEE  TABLE  4,  PLOT  4)  / 

P,  I  5  /  AUGUST  11,  1955,  SA  36  TO  38  >  LENINGRAD  / 

ARCYES56OS0,  (86L0SV59AFL ) 
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WAVE¬ 

DIAGRAM 

61 

DIAGRAM 

62 

DIAGRAM 

63 

LENGTH 

NO  .1 

NO. 2 

NO. 3 

NO.l 

NO. 2 

NO. 3 

NO.l 

NO. 2 

NO.  3 

MM ICR. 

400 

• 

• 

• 

4.5 

5.0 

4.4 

• 

• 

430 

• 

• 

• 

• 

5.2 

5.7 

5.5 

• 

• 

95C 

4.7 

7.0 

6.0 

• 

5.4 

5.7 

6.1 

6.8 

• 

470 

4.3 

8.7 

7.0 

• 

5.4 

5.7 

6.7 

7.5 

* 

490 

3.7 

10.3 

8.7 

• 

5.5 

5.8 

7.2 

9.0 

• 

510 

6.7 

11.7 

9.7 

• 

6.0 

6.5 

9.3 

10.5 

• 

530 

9.1 

13.0 

10.5 

• 

7.1 

8.0 

11.5 

12.5 

12  1 

550 

9.3 

14.0 

12.0 

• 

11.0 

11.2 

11.2 

13.5 

11.8 

570 

8.2 

15.0 

13.2 

9.2 

10.4 

7.2 

9.3 

13.7 

11.6 

590 

7.8 

15. P 

14.2 

8.7 

8.0 

4.9 

8.0 

13 1  5 

12.5 

610 

7.5 

16.2 

15.3 

7.7 

10.1 

4.2 

7.5 

13.0 

13.5 

630 

6.5 

16.2 

16.2 

7.4 

9.5 

4.0 

6.8 

12.0 

14.6 

650 

«.i 

15.9 

17.1 

6.3 

7.5 

3.6 

5.5 

10.5 

17.5 

670 

4.0 

15.9 

18.0 

5.7 

5.0 

3.7 

4.7 

10.2 

21.8 

690 

5.3 

16.0 

19,1 

7.1 

9.0 

9.0 

10.5 

16.0 

28.5 

710 

14.0 

16.4 

20.5 

15.0 

20.0 

25.5 

39.5 

26.5 

35.5 

730 

28.2 

17.1 

21.9 

32.2 

52.6 

58.0 

58.0 

3c.  5 

:.3.5 

750 

44.3 

18.0 

23.7 

33.4 

70.5 

73.8 

64.4 

56.7 

37.  l 

770 

48.  P 

18.8 

25. 5 

33.5 

72.5 

76.5 

65.0 

59.5 

39.2 

790 

50.1 

19.8 

26.8 

• 

73.0 

77.2 

65.2 

60.4 

39.2 

810 

50.4 

20.7 

27.8 

• 

• 

• 

* 

• 

• 

830 

5C.5 

21.6 

28.9 

• 

• 

• 

• 

• 

• 

850 

50.6 

22.5 

3C.0 

• 

• 

• 

• 

• 

• 

870 

50.6 

23.0 

31.0 

• 

• 

• 

• 

• 

• 

890 

50.6 

23.4 

31.7 

• 

• 

• 

• 

• 

• 

DIAGRAM  61 
WO.l  OATS 

FLOWERING  / 

•i,  I  2 

,(1)  / 

AUGUST 

11,  1950 , 

SA  53 
NO. 2  RYE 

/  L.VOV  /  ALEKVA60SDP 

RT“E  /  G,  I  2,(1) 

/  AUGUST  11',  1958,  1 

SA  48 

LtVOV  /  ALEKVA60SDP 

NO. 3  RYE  STRAW  GULDEN-YELLOW  /  G»  I  2.(11  / 


SEPTEMBER  29,  1958,  SA  36  /  L.VOV  /  ALEKVA60SDP 

DIAGRAM  62 

NO . 1  UPLANC  MEADOW  P,  I  5  /  AUGUST  9,  1955  l  LENINGRAD  / 
ARCYES58DSO,  ( BELOSV59AFL ) 

NO. 2  AYE  FLOWERING,  H  1.3  /  P,  I  3  /  JULY  5,  1957, 

SA  3<j  /  TOMSK  !  SELOSV59AFL 

NO. 3  MEADOW  H  0.6,  COVERED  BY  GRASSES  AND  BROADLEAVtD 

HERBS  /  P,  I  3  /  JULY  8,  1957,  SA  35  /  TOMSK  / 
BEL0SV59AFL 

DIAGRAM  63 

NO .  1  MEADOW  80  PERCENT  GRASS  SPECIES,  15  PERCENT 

CLOVER,  5  PERCENT  CROWFOOT  /  G,  I  1.3  /  AUGUST  31, 

195 1,  SA  61  /  TOMSK  /  SE'lOSV59AFL 

NO. 2  10.  FRESHLY  CUT 

NO.  3  HAY  DRY  /  G,  I  1.3  /  1957,  SA  36  /  TOMSK  t 

6EL0SV59AFL 
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WAVE- 

LEMGTH 

MHICR. 

400 

430 

a=o 

470 

490 

510 

530 

550 

570 

590 

610 

630 

650 

670 

690 

710 

730 

75C 

7V0 

790 

810 

83G 

850 

870 

890 


DIAGRAM  64  DIAGRAM  65  DIAGRAM 


NO.l 

NO. 2 

NO. 3 

NO.l 

3.3 

1.2 

2 .2 

• 

3.5 

1.3 

2.5 

• 

3.3 

1.3 

2.7 

• 

4.1 

1.5 

2.8 

• 

4.5 

1.7 

3.1 

• 

5.7 

2.0 

4.2 

• 

9.7 

3.0 

6.0 

• 

12.3 

4.5 

4.8 

• 

11.0 

3.8 

7.0 

6.3 

8.2 

3.3 

5.5 

6.9 

6.5 

3.2 

5.2 

7.4 

5.3 

3.0 

5.4 

8.1 

5.2 

2.8 

5.5 

8.4 

6.7 

2.2 

6.1 

8.0 

10.2 

3.5 

8.8 

7.8 

15.0 

3,7 

14.2 

9.4 

42.0 

13. 7 

!  7.G 

11.7 

55.0 

18.2 

17.1 

12.7 

60.7 

21.  « 

J  7.3 

13.6 

64.8 

23.2 

17.5 

• 

67.2 

25.2 

• 

• 

69.0 

26.0 

• 

* 

70.2 

26.5 

• 

• 

71.0 

27.5 

• 

• 

71-4 

28.7 

• 

• 

NO.  2 

NO. 3 

NO.l 

NO.  2 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

♦ 

• 

16.2 

10.0 

8.3 

5.1 

13.  1 

5.8 

7.5 

4.8 

n.  3 

4.5 

6.7 

4.2 

10.7 

3.8 

5.8 

3.7 

10.1 

3.5 

5.1 

3.2 

9.0 

3.0 

4.7 

3.0 

10.5 

3.2 

4.6 

2.9 

13.5 

5.2 

7.7 

5,0 

19.3 

9.7 

30.5 

13.8 

30.0 

62.0 

42.2 

27.5 

51.0 

76.7 

45.0 

31.7 

53.2 

78.5 

• 

• 

53.0 

78.8 

, 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

a 

• 

• 

• 

• 

• 

66 

NO. 3 


DIAGRAM  64 

NO.l  UPLAND  MEADOW  PK0NAK49IRA 

NO .2  MEADOW  SWAMPY,  WITH  SEDGES  /  PR0NAK49IRA 

NO. 3  FALLOW  GREEN  /  PR0NAK49IP.A 


DIAGRAM  65 

NO.l  PEAT  (DIGGING  AREA)  P,  I  5  /  AUGUST  9,  1955,  SA  40  TO  41 
LENINGRAD  /  ARCYES580SD,  (3EL0SV59AFU 
NO. 2  PEAT-MOSS  BOG  P,  I  3  /  SEPTEMBER  10,  J957,  SA  40  i 
TOMSK  /  BEL0SV59AF' 

NO. 3  PEAT-MOSS  SEDGE  BOG  P,  I  3  /  JULY  B,  1957,  SA  35  / 

TOMSK  /  BEL0SV59AFL 

DIAGRAM  66 

NO.l  LOW  MCOR  WITH  SEDGES,  MOIST  /  P,  I  3  /  JULY  11,  1958, 

oA  53  /  L,VOV  /  ALEKVA60S0P 
WET 


NO. 2  ID 
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WAVE- 

DIAGRAM 

67 

DIAGRAM 

68 

DIAGRAM  i 

LENGTH 

NO  .  1 

NO  .2 

NO. 3 

NO.  1 

NO. 2 

NO. 3 

NO.  1 

NO.  2 

MNICR. 

400 

• 

• 

• 

• 

• 

• 

• 

• 

430 

• 

• 

• 

1.5 

1.4 

• 

• 

• 

450 

* 

o 

• 

2.4 

1.3 

• 

• 

• 

470 

• 

• 

• 

3.0 

1.3 

• 

• 

• 

490 

22.3 

19.2 

24.5 

3.9 

1.7 

• 

• 

• 

510 

27.3 

21.2 

23  .0 

6.3 

2.9 

• 

• 

• 

530 

30.8 

24.6 

22.0 

7.6 

4.5 

• 

• 

• 

550 

33.0 

27.1 

23.5 

8.8 

5.7 

• 

6.5 

6.0 

370 

33.1 

28.0 

25.8 

9.5 

6.2 

• 

6.8 

5.2 

590 

34.0 

29.0 

27.8 

6.7 

5.7 

• 

5.6 

4.7 

610 

36.0 

29.8 

28.0 

4.1 

5.3 

• 

5.0 

4.5 

630 

38.8 

30.6 

28.0 

3.9 

4.5 

• 

5.0 

3.5 

650 

41.6 

31.0 

26.8 

4<2 

3.7 

• 

6.0 

2.9 

670 

44.8 

30.8 

25.8 

4.2 

2.5 

5.3 

1.9 

690 

48.2 

30.2 

26.0 

4.2 

1.7 

• 

4.8 

1.2 

710 

51.5 

29.5 

27.0 

• 

• 

• 

2.5 

1.1 

730 

54.0 

29.5 

29.0 

m 

• 

• 

6.0 

4.2 

750 

56.8 

31.0 

33.2 

• 

• 

• 

9.3 

8.0 

770 

58.4 

33.0 

39.0 

• 

• 

• 

• 

• 

790 

60.0 

33.6 

44.5 

o 

• 

• 

• 

• 

BIO 

60.6 

34,8 

49.8 

• 

• 

« 

• 

• 

830 

60.0 

36.2 

51.6 

• 

• 

• 

• 

• 

850 

59.8 

38.0 

51.0 

• 

• 

• 

• 

• 

870 

59.6 

39.0 

47.0 

• 

• 

• 

• 

• 

890 

59.4 

39.2 

44.8 

• 

* 

• 

• 

• 

OIAGRAM 

67 

NO  .  1 

COTTON 

BEFORE  IRRIGATION 

/  ?,  I 

7  /  JULY 

1958 

1960 

/  ASHKHABAD  / 

ARCYES62ISJ 

NO  .2 

10. 

AFTER 

IRRIGATION 

NO.  3 

VINEYARD 

P,  I 

7  /  JULY  1958 

TO  I960  /  ASHKHABAD 

ARCYES62ISJ 

DIAGRAM 

68 

NO.  1 

RUDERAL 

HERBS 

ON 

FLOOD  PLAIN  / 

G,  I 

1  /  (SUMMER) 

1958 

TO  1960  /  NARYNKA  RIVER*/ 

ARCYES62 I SJ 

NO. 2 

COUCH  GRASS  ASSOCIATION 

IN  DRY 

RIVER 

BED  (WADI)  / 

G,  I 

1  /  (SUMMER) 

1958  TO 

i960 

/  NARYNKA  RIVER 

/ 

ARCYES62I SJ 
DIAGRAM  69 

NO  .1  WATER  IN  A  DEAD  RIVER  COURSE,  DEPTH  Mi,  2  H, 

BROWNISH,  BOTTOM  MUOOY  AND  DARK  /  P,  I  3,  DM  7,0  / 
JULY  5,  1957  /  TOMSK  /  9ELOSV39AFL 
NO, .2  ID.  OM  7,180 


•Caapian  Lowland 
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WAVE¬ 

DIAGRAM 

70 

DIAGRAM 

71 

DIAGRAM 

72 

LENGTH 

NO.l 

NO. 2 

NO. 3 

Nv X 

NO. 2 

NO. 3 

NO.l 

NO. 2 

NO. 3 

MM1CR. 

400 

• 

• 

• 

• 

• 

ft 

ft. 

ft 

ft 

430 

6.7 

3.3 

2.3 

11.6 

6.1 

4.6 

6.8 

5.3 

ft 

430 

8.0 

4.2 

3.4 

11.8 

6.2 

7.4 

7.0 

5.7 

ft 

470 

9.3 

4.3 

3.4 

12.8 

6.7 

8.1 

7.5 

6.2 

ft 

490 

10.1 

3.8 

2.8 

13.5 

7.3 

8.0 

8.5 

6.8 

ft 

510 

10.4 

3.8 

3.2 

14.5 

7.9 

9.2 

9.4 

7.5 

ft 

530 

11.0 

5.8 

4.6 

15.4 

9.5 

10.0 

10.1 

8.1 

ft 

550 

12.0 

6.4 

5.2 

15.8 

10.5 

9.4 

11.0 

8.6 

ft 

570 

12.5 

6.6 

5.5 

16.2 

11.5 

9.9 

11.0 

8.4 

ft 

590 

12.5 

6.4 

5.2 

16.9 

11.7 

11.3 

10.0 

7.6 

ft 

610 

13.0 

6.8 

5.3 

17.6 

11.7 

12.5 

9.5 

7.4 

ft 

630 

13.6 

7.6 

5.0 

IS. 5 

11.6 

12.6 

9.3 

7.4 

ft 

650 

14.0 

7.7 

5.2 

19.6 

12.4 

12.6 

9.2 

7.2 

a 

670 

13.7 

7.8 

5.8 

20.3 

13.2 

12.0 

9.2 

6.8 

• 

690 

• 

• 

• 

• 

• 

ft 

8.6 

6.3 

• 

7’0 

• 

• 

• 

• 

• 

ft 

ft 

ft 

• 

730 

• 

a, 

• 

• 

ft 

ft 

ft 

ft 

• 

750 

• 

• 

• 

• 

• 

ft 

ft 

ft 

• 

770 

• 

• 

• 

• 

ft 

ft 

ft 

• 

790 

• 

• 

• 

ft 

ft 

ft 

ft 

ft 

• 

810 

• 

• 

• 

• 

« 

ft 

ft 

ft 

• 

830 

• 

• 

• 

• 

ft 

ft 

ft 

ft 

• 

850 

• 

• 

• 

• 

ft 

ft 

ft 

ft 

• 

870 

• 

• 

• 

• 

ft 

ft 

ft 

ft 

• 

890 

• 

• 

• 

• 

ft 

ft 

ft 

ft 

• 

OIAGRAK  70 

NO.l  HE  AOOiJ  CHESTNUT  SOIL  FRESH  GROUNDWATER  /  G.  I  1  / 

( SUHHER )  /  SARDINIAN  LAKES*/  APCYES61SEL 
NO .2  CRESTED  WHEAT  GRASS  FRESH  GROUNDWATER  /  G,  I  l  / 
(SUMMER)  /  SARPINIAN  LAKES*/  ARCYES61SEL 
NO. 3  COUCH  GRASS  FRESH  GROUNDWATER  /  G.  I  1  /  ( SUMMER )  / 
SARPINIAN  LAKES*/  ARCYES61 SEL 

DIAGRAM  71 

NO.l  MEADOW-CHESTNUT  SOIL  SALINE,  SALINE  GROUNDWATER  / 

G,  I  I  /  (SUMMER)  /  SARPINIAN  LAKES*/  ARCYES6ISEL 
NO .2  WORMWOOD  (PR0BA8LY  BLACK  POLYN),  SALINE  GROUNDWATER 

G,  1  1  /  (SUMMER)  /  SARPINIAN  LAKES*/  ARCYES61SEL 
NO. 3  SALT-TOLERATING  COUCH  GRASS  G,  I  I  /  (SUMMER)  / 
SARPINIAN  LAKES*/  ARCYES61SEL 

DIAGRAM  72 

NO.l  WHITE  POLYN  SALINE  GROUNDWATER  /  G,  I  1  /  (SUMMER) 

1558  TO  I960  /  TAJSOJ GAN  SANDS*/  ARCVES62 I SJ 
NO  .2  SAND  POLYN  FRESH  GROUNDWATER  /  G,  I  l  /  ( SUMMER ) 

1958  TO  I960  /  TAJSQJGAN  SANDS*/  ARCYES62 I SJ 


•Caapian  Lowland 
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WAVE¬ 

OIAGRAM 

73 

DIAGRAM 

74 

DIAGRAM 

75 

LENGTH 

NO.l 

NO. 2 

NO. 3 

NO.l 

NO.  2 

NO.  3 

NO.l 

NO. 2 

NO.  3 

MM ICR. 

400 

• 

• 

• 

• 

• 

• 

a 

a 

a 

430 

14.5 

3.8 

1.9 

7.9 

2.2 

• 

8.5 

4.5 

3.8 

450 

16.5 

4.8 

3.1 

8.6 

3.0 

a 

9.5 

5.2 

4.2 

470 

18.7 

5.8 

4.1 

9.5 

3.6 

• 

10.7 

5.7 

5.0 

490 

20.5 

6.7 

4.9 

10.2 

3.8 

• 

11.7 

6.3 

5.5 

510 

21.7 

8.0 

5.8 

12.3 

4.5 

• 

12.6 

7.0 

6.3 

530 

22.6 

9.2 

6.9 

13.7 

6.1 

• 

13.6 

7.5 

6.8 

550 

23.1 

9.7 

8.2 

13.8 

8.2 

• 

14.5 

8.0 

7.2 

570 

23.9 

9.2 

8.2 

14.5 

8.5 

• 

15.5 

7.0 

7.2 

590 

25.4 

8.0 

7.8 

15.5 

6.9 

• 

15.9 

7.0 

6.3 

610 

26.8 

6.7 

7.5 

16.0 

6.2 

a 

16.0 

6.8 

6.0 

630 

27.9 

5.7 

7.7 

16.0 

7.0 

a 

15.4 

£  A 

5.5 

650 

28.5 

5.0 

7.0 

15.7 

7.6 

a 

14.5 

6.3 

5.2 

670 

29.0 

4.3 

6.0 

15.3 

7.6 

a 

14.0 

5.7 

4.9 

690 

29.3 

3.8 

5.0 

14.8 

7.5 

a 

14.0 

5.1 

4.2 

710 

• 

• 

• 

. 

• 

a 

a 

a 

. 

730 

• 

• 

a 

. 

• 

a 

a 

a 

• 

750 

• 

• 

• 

. 

• 

a 

a 

* 

a 

770 

• 

V 

o 

. 

a 

a 

a 

a 

a 

790 

• 

• 

V 

. 

• 

a 

a 

a 

a 

810 

• 

• 

• 

-> 

• 

a 

a 

a 

a 

830 

• 

• 

• 

. 

a 

a 

a 

a 

a 

850 

• 

• 

• 

• 

• 

a 

a 

a 

a 

870 

• 

• 

• 

. 

a 

a 

a 

a 

a 

890 

• 

• 

• 

. 

• 

a 

a 

a 

a 

DIAGRAM  73 

NO.l 

SAND 

TOP  OF  8ARKHANS  •/  G,  I  1 

/  NARYNKA  RIVE*  / 

ARCYES62ISJ 

NO. 2 

REED 

G«  I  1  /  NARYNKA  RIVER*/ 

ARC YES62I S J 

NO  .3 

TAMARISK 

G,  I  1  /  NARYNKA  RIVER*/ 

ARCYES62ISJ 

DIAGRAM  74 

NO.l 

BIJURGUN  ASSOCIATION  UPLAND  /  G*  I  1 

/  (SUMMER)  1958 

TO  1960  /  NARYNKA  RIVER*/  ARCYES62ISJ 

NO. 2 

WHITE  POLYN  ASSOCIATION  WITH  MESOPHYTES,  IN  ROUND 

LIMANS  /  G, 

I  1  /  (SUMMER)  1958  TO  I960  /  NARYNKA  RIVER*/ 

ARCYES62I SJ 

DIAGRAM  75 

NO  .1  ANNUA'  SALTWORT  IN  SALTPAN.  SALINE  GROUNDWATER  /  Gt  I  1 
(SUMMER)  1958  TO  1960  /  TA JSOJGAN  SANDS*/  ARCYES62ISJ 
NO .2  WOOOREEO  ANO  BLUE  GRASS  FRESH  GROUNDWATER  /  G,  11/ 
(SUMMER)  1958  TO  1960  /  TAJSOJGAN  SANDS*/  ARCYES62 ISj 
NO. 3  LICORICE  FRESH  GROUNDWATER  /  G,  I  l  /  (SUMMER) 

1958  TO  1960  /  TAJSOJGAN  SANDS*/  ARCYES62ISJ 


Caspian  Lowland 


WAVE¬ 

OIAGRAM 

76 

DIAGRAM 

77 

DIAGRAM 

LENGTH 

NO.  1 

NO. 2 

NO. 3 

NO.l 

NO. 2 

NO. 3 

NO.l 

NO. 2 

MM  ICR. 

400 

• 

• 

• 

• 

• 

• 

• 

• 

430 

89.0 

83.5 

74.8 

6.5 

2.4 

• 

2.4 

5.3 

450 

36.1 

80.2 

75.0 

6.9 

2.4 

• 

2.3 

6.0 

470 

87.2 

75.5 

75.0 

8.5 

2.4 

• 

2.4 

6.0 

490 

86.2 

73.1 

75.0 

10.6 

2.4 

• 

2.3 

5.6 

510 

86.4 

71.1 

74.6 

12.5 

2.4 

• 

2.0 

5.0 

530 

86.0 

68.8 

74.3 

12.7 

2.4 

• 

2.5 

4.7 

550 

87.0 

68.3 

74.1 

i4.0 

2.4 

• 

3.4 

4.5 

570 

86.8 

69.1 

72.8 

14.6 

2.4 

• 

4.0 

4.3 

590 

83.1 

71. A 

70.4 

15.5 

2.5 

• 

4.8 

4.7 

610 

85.0 

72.6 

68.2 

16.7 

2.5 

• 

7.5 

4.7 

630 

79.3 

68.0 

67.3 

18.5 

2.4 

• 

9.9 

4.7 

650 

80.3 

66.2 

67.9 

20.0 

2.3 

• 

12.6 

4.6 

670 

80.7 

64.6 

67.8 

21.1 

2.2 

• 

13.3 

4.5 

690 

• 

• 

• 

• 

• 

• 

• 

710 

• 

• 

• 

• 

• 

• 

• 

• 

730 

• 

• 

• 

• 

• 

• 

• 

750 

• 

• 

• 

• 

• 

• 

• 

• 

770 

• 

• 

• 

• 

• 

• 

• 

• 

790 

• 

• 

• 

• 

• 

• 

• 

• 

810 

• 

• 

• 

• 

• 

• 

« 

• 

830 

• 

• 

• 

• 

• 

• 

• 

« 

850 

•* 

• 

• 

• 

• 

• 

• 

• 

870 

• 

• 

• 

• 

• 

• 

• 

» 

890 

• 

• 

• 

• 

• 

• 

• 

• 

78 

NO. 3 


DIAGRAM  76 

NO • 1  SODIUM  CARBONATE  INA2C03I  /  L.  I  I  /  NORTHERN 
KAZAKHSTAN  /  T0LCJS60PFT 

NO. 2  SODIUM  CHLORIDE  (NACL)  /  Li  I  1  /  NORTHERN  KAZAKHSTAN  / 
T0LCJS60PFT 

NO. 3  POTASSIUM  HYOROGENE  SULFATE  (KHS04)  /  L,  I  1  / 

NORTHERN  KAZAKHSTAN  /  T0LCJS63PFT 

DIAGRAM  77 

NO,l  FULVIC  ACID  L.  I  1  /  NORTHERN  KAZAKHSTAN  /  T0LCJS60PFT 
NO  .2  HUMIC  ACID  L.  I  1  /  NORTHERN  KAZAKHSTAN  /  TOLC JS60PFT 

DIAGRAM  78 

NO • 1  HEMrTITE  (IRON-II I-OXIDE.  FE203)  /  Li  1  1  / 

NORTHERN  KAZAKHSTAN 

NO. 2  MAGNETITE  (IRON-II  ,III-OXIOE,  FE304}  /  L.  I  1  / 

NORTHERN  KAZAKHSTAN  /  T0LCJS60PFT 


186 


WAVE¬ 

DIAGRAM 

19 

DIAGRAM 

80 

DIAGRAM 

LENGTH 

MMICR. 

NO  *1 

NO-2 

NO  3 

NO.  1 

NO. 2 

NO. 3 

NO.] 

NO.? 

400 

• 

• 

• 

• 

• 

• 

• 

• 

430 

93.0 

7.4 

59.6 

58. 0 

10.0 

14  5 

• 

• 

450 

92.8 

7.4 

59.1 

60.0 

10.5 

16.5 

14.6 

7.0 

470 

92.9 

7.4 

59.0 

62.4 

11.5 

18.5 

15.  5 

7.4 

490 

92.9 

7.4 

59.6 

64.5 

12.0 

25.0 

17.0 

8.2 

510 

92.9 

7.4 

60.0 

65.4 

13.6 

32.0 

20.0 

9.5 

530 

92.9 

7.4 

60.3 

68.0 

16.0 

35.2 

22.9 

11.3 

550 

93.0 

7.4 

60.3 

71.2 

18.0 

35.2 

25.3 

13.0 

570 

93.0 

7.4 

60.6 

74.9 

20.8 

35.4 

27.5 

14.7 

590 

93.3 

7.4 

60.5 

79.0 

23.0 

35.8 

28.8 

15.5 

610 

93.5 

7.4 

60.4 

81.6 

26.5 

36.0 

28.7 

15.4 

630 

93.5 

7.4 

60.3 

82.2 

29.0 

36.2 

28.2 

15.5 

650 

93.5 

7-4 

60.3 

80.9 

32.5 

36.5 

29.0 

16.4 

670 

93.4 

7.4 

60*9 

78.0 

33.2 

37.2 

31.1 

16.5 

690 

• 

• 

• 

• 

4 

m 

31.5 

16.1 

710 

• 

• 

• 

• 

• 

• 

31.5 

16.0 

730 

• 

• 

• 

o 

J 

• 

31.6 

16.6 

750 

• 

• 

• 

• 

• 

• 

32.3 

17.7 

770 

• 

• 

• 

• 

• 

32.8 

17.8 

790 

• 

• 

• 

• 

• 

• 

33.4 

17.5 

810 

• 

• 

• 

• 

• 

• 

34.1 

18.4 

830 

« 

• 

• 

• 

• 

• 

35.0 

19.7 

350 

• 

• 

• 

• 

• 

■ 

36.1 

20.4 

870 

• 

• 

• 

• 

• 

• 

36.7 

20.8 

890 

• 

• 

• 

• 

4 

• 

37.2 

21.1 

DIAGRAM  79 

NO  .1 

QUARTZ 

FRACTION 

•  SMALLER  THAN 

0.1 

MM 

/ 

l. » 

NORTHERN 

KAZAKHSTAN  / 

T0LCJS60PFT 

NC..2 

BIOT ITE 

FRACTION 

*  SMALLER  THAN 

0.1 

MM 

/ 

L, 

NORTHERN 

KAZAKHSTAN  / 

TQLC JS60PFT 

NO. 3 

MUSCOVITE 

FRACTION 

*  SMALLER  THAN 

0.1 

MM 

/ 

L  . 

NORTHERN 

KAZAKHSTAN  / 

TOLC JS60PFT 

DIAGRAM  80 

^n.l 

MICROCUNE 

FRACTION 

«  SMALLER  THAN 

0.1 

MM 

/ 

L, 

NORTHERN 

KAZAKHSTAN  / 

TOI.C  JS60PFT 

NO  .2 

GARNET 

FRACTION 

*  SMALLER  THAN 

0.1 

MM 

/ 

L, 

NORTHERN 

KAZAKHSTAN  / 

BEL0IN59ZSJ 

NO. 3 

EPID07E 

FRACTION 

•  SMALLER  THAN 

0.1 

MM 

/ 

L, 

NORTHERN 

KAZAKHSTAN  / 

BELCI N59ZSJ 

DIAGRAM  81 

NO  .  1 

SANO 

DRY,  YELLOW  /  G,  I  2,(1) 

/ 

JULY 

1  7, 

SI  60  / 

ALFKVA60SDP 

NG.2 

'0. 

WET,  YFLLOW 

188 


WAVE¬ 

DIAGRAM 

82 

DIAGRAM 

83 

DIAGRAM 

84 

LENGTH 

NO.  1 

NO. 2 

NO. 3 

NO.l 

NO.  2 

NO. 3 

NO.l 

NO. 2 

NO. 3 

MMICR. 

400 

• 

• 

• 

. 

• 

• 

* 

• 

• 

430 

58. 8 

39.3 

30.2 

93.0 

77.3 

61.3 

7.4 

5.8 

4.4 

450 

60.0 

39.8 

31.3 

92.6 

77.3 

61.3 

7.4 

5.8 

4.4 

470 

62.4 

42.0 

32.2 

92.9 

77.0 

61.3 

7.4 

5.8 

4.4 

490 

64.5 

44.5 

34.0 

92.9 

77.0 

61.4 

7.4 

5.8 

4.4 

510 

65.4 

46.3 

35.7 

92.9 

77.1 

61.5 

7.4 

5.8 

4.4 

530 

68.0 

49.0 

37.7 

92.9 

77.1 

61.6 

7.4 

5.8 

4.  V 

550 

71.2 

52.2 

41.7 

93.0 

77.1 

61.3 

7.4 

5.8 

4.4 

570 

74.9 

57.2 

49.1 

93.0 

77.3 

61.9 

7.4 

5.8 

4.4 

590 

79.0 

63.0 

54.9 

93.3 

77.8 

62.0 

7.4 

5.8 

4.4 

610 

81.6 

65.6 

58.0 

93.5 

77.8 

62.1 

7.4 

5.8 

4.4 

630 

82.2 

66.9 

59.7 

93.5 

77.8 

62.2 

7.4 

£.8 

4.4 

650 

80.9 

66.9 

60.0 

93.5 

77.8 

62.1 

7.4 

5.8 

4.4 

670 

78.0 

66.0 

59.2 

93.4 

77.9 

62.1 

7.4 

5.8 

4.4 

690 

• 

• 

• 

• 

• 

• 

0 

• 

« 

710 

• 

9 

• 

• 

• 

• 

• 

• 

• 

730 

• 

• 

• 

• 

© 

• 

• 

• 

750 

• 

• 

« 

• 

• 

• 

f* 

• 

770 

• 

• 

• 

• 

• 

• 

« 

• 

790 

• 

« 

• 

• 

• 

• 

• 

• 

• 

810 

* 

• 

• 

• 

• 

• 

• 

• 

• 

830 

• 

• 

* 

• 

• 

• 

• 

m 

• 

850 

• 

• 

• 

• 

• 

• 

• 

• 

# 

870 

• 

• 

• 

• 

• 

• 

• 

« 

• 

890 

• 

• 

• 

• 

• 

• 

• 

• 

• 

DIAGRAM  82 

NO.l 

M3CR0CLINE 

FRACTION 

*  SMALLER  THAN 

0.1 

MM 

/  L, 

NORTHERN 

KAZAKHSTAN  / 

TOLCJS60PFT 

NO. 2 

10® 

FRACTION 

*  0.25  TO  0.5 

MM 

NO. 3 

ID. 

FRACTION 

<*  1  TO  3  MM 

DIAGRAM  83 

NO.l 

QUART* 

FRACTION 

*  SMALLER  THAN 

0.1 

MM 

/  L. 

NORTHERN 

KAZAKHSTAN  / 

T0LCJS60RFT 

NO. 2 

ID. 

FRACTION 

*  0.25  TO  0.5 

MM 

NG.3 

10. 

FRACTION 

*  1  TO  3  NM 

DIAGRAM  84 

NO.l 

BIOTIT!: 

FRACTION 

•  SMALLER  THAN 

0.1 

MM 

/  Lt 

NORTHERN 

KAZAKHSTAN  / 

TOLCJS60PFT 

NO. 2 

ID. 

FRACTION 

*  0.25  TO  0.5 

MM 

NO. 3 

10. 

FRACTION 

*  I  TO  3  MM 

NAVE- 

OIAGRAM 

85 

OIAGRAM 

86 

DIAGRAM 

87 

LENGTH 

MNICR. 

NO  .1 

NO. 2 

NO. 3 

NG.l 

NO.  2 

NO.  3 

NO.  1 

NO. 2 

NO.  3 

400 

• 

• 

• 

• 

• 

• 

9 

9 

9 

430 

59.6 

39.3 

23.2 

10.0 

3.2 

1.2 

14.5 

7.2 

5.2 

4?0 

59.1 

39.4 

23.2 

10,5 

3.6 

1.3 

16.5 

8.1 

5.6 

470 

59.0 

39.3 

23.3 

11.5 

4.0 

1.5 

18.5 

8.0 

5.4 

490 

59.6 

39.8 

24.0 

12,0 

4.3 

1.7 

25.G 

11.0 

5.9 

510 

60,0 

40.1 

24.1 

13.6 

4.8 

1.8 

32.0 

13.5 

6.9 

530 

60.3 

«fO:  2 

24.0 

16.0 

5.2 

1.8 

35.2 

16.0 

7.1 

550 

60.3 

40.3 

24,2 

18.0 

5.5 

1.8 

35.2 

15.8 

7.1 

570 

1 0.6 

40.4 

2  V.3 

20.8 

6.3 

2.2 

35.4 

15.0 

6.8 

590 

60.5 

40.3 

24.3 

23.0 

’.5 

2.2 

35.8 

14.8 

7.0 

610 

60.4 

40.5 

24.2 

26.5 

9.3 

2.6 

36.0 

14.8 

7.0 

630 

60.3 

40.5 

24.1 

29,0 

10.3 

2.8 

36,2 

15.5 

7.1 

55C 

60.3 

40.5 

24.0 

32.5 

10.8 

4.5 

36.5 

15.8 

7.0 

670 

60.0 

40.1 

24.0 

33.2 

11.7 

5.2 

37.2 

16.8 

7.6 

690 

• 

• 

• 

• 

• 

9 

9 

9 

9 

710 

t 

• 

• 

• 

• 

9 

9 

9 

9 

730 

• 

• 

• 

• 

• 

9 

9 

9 

9 

750 

• 

• 

• 

• 

• 

9 

9 

9 

9 

770 

• 

• 

• 

• 

• 

9 

9 

9 

9 

790 

9 

• 

• 

• 

• 

9 

9 

9 

9 

810 

9 

• 

• 

• 

• 

9 

9 

9 

9 

330 

• 

• 

• 

• 

9 

9 

9 

9 

859 

9 

* 

• 

• 

• 

9 

9 

9 

9 

87C 

• 

• 

• 

9 

• 

9 

9 

9 

9 

890 

DIAGRAM 

4 

85 

• 

• 

9 

9 

9 

9 

9 

9 

NO  .  1  MUSCOVITE 

FRAC 

TION  «  SMALLER 

THAN 

0.1  MM  / 

L.  I 

1  / 

NORTHERN  KAZAKHSTAN  /  T0LCJS60PFT 
NO. 2  ID.  FRACTION  •  O.Z5  TO  0.5  MH 

NO. 3  10.  FRACTION  *  I  TO  3  MH 


DIAGRAM  86 

NO.l  GARNET  FRACTION  •  SMALLER  THAN  0.1  MM  /  L,  I  1  / 

NORTHERN  KAZAKHSTAN  BEL0IN59ZSJ 
NO. 2  10.  FRACTION  *  0,25  TO  0,5  MM 

NO. 3  10.  FRACTION  *  1  TO  3  MM 

OIAGRAM  87 

NO.l  EPIDOTE  FRACTION  •  SHULER  THAN  0.1  MM  /  Lt  I  ’  / 

NORTHERN  KAZAKHSTAN  /  BEL0IN59ZSJ 
NO. 2  10.  FRACTION  *  0.25  TO  0.5  hM 

NO. 3  ID.  FRACTION  «  1  TO  3  MM 


MVKLIMITM  IN  Niuimclw 


SNCTMl  UHKIMCI  CM* VIS 

Si  i  lit  ill 


Mil.  IN  0 ft 


INItH. 


WAVE* 

DIAGRAM 

89 

DIAGRAM 

39 

DIAGRAM 

90 

LENGTH 

NMICR. 

NO  .  1 

NO. 2 

NO. 3 

NO.  1 

NO. 2 

NO.  3 

NO.  1 

HO.  2 

NO.  3 

400 

4 

• 

• 

, 

• 

• 

• 

• 

• 

430 

24.9 

21.2 

18.1 

5.6 

3.9 

2.7 

U.  5 

8.8 

5.0 

450 

24. G 

21.0 

18.0 

5.4 

3.9 

2.8 

19.5 

10.4 

5.5 

470 

25.0 

21.1 

18.1 

5.9 

4.0 

2.8 

22.8 

13.0 

7.2 

490 

25.4 

21.2 

18.1 

6.3 

4.2 

2.9 

25.0 

14.5 

8.8 

510 

26.1 

21.6 

18.2 

6.7 

4.5 

3.0 

27.0 

15.8 

9.5 

530 

27.3 

22.2 

18.8 

7.8 

5.1 

3.5 

29.0 

16.8 

10.3 

550 

20.3 

23.4 

20.0 

9.1 

6.4 

4.4 

30.0 

18.1 

11.7 

570 

29.3 

24.2 

21.0 

11.0 

8.1 

5.5 

31.8 

19.6 

13.8 

590 

30.0 

24.5 

21.5 

13.3 

10.3 

7.4 

33.2 

21.5 

15.2 

610 

30.2 

24.6 

21.7 

15.5 

12.4 

9.2 

34.3 

22.5 

16.3 

630 

30.3 

25.0 

21.9 

17.0 

14.9 

10.0 

34.6 

23.0 

16.5 

650 

30.0 

25.0 

21.7 

17.4 

14.1 

10.0 

34.7 

22.8 

16.8 

670 

30.0 

25.0 

21.6 

17.5 

14.2 

10.0 

34.9 

21.2 

16.4 

690 

• 

• 

• 

• 

• 

« 

• 

• 

• 

710 

• 

• 

• 

• 

4 

• 

• 

• 

• 

730 

• 

• 

• 

• 

• 

• 

4 

• 

4 

750 

• 

• 

• 

« 

• 

• 

• 

• 

• 

770 

• 

• 

• 

• 

• 

• 

• 

• 

• 

790 

• 

• 

• 

• 

• 

• 

• 

• 

4 

810 

• 

• 

• 

• 

• 

• 

• 

• 

• 

830 

• 

• 

• 

• 

• 

• 

• 

4 

850 

• 

• 

* 

• 

• 

• 

♦ 

• 

4 

870 

• 

• 

• 

• 

• 

• 

• 

• 

890 

DIAGRAM 

• 

88 

• 

4 

• 

• 

• 

• 

4 

4 

NO. 1  COMMON  CHERNOZEM  DEVELOPED  ON  10ESS»  MOISTURE  CONTENT 
0  PERCENT  /  L.  I  1  /  NORTHERN  KAZAKHSTAN  /  T0LCJS60PFT 
NO. 2  ID.  MOISTURE  CONTENT  10  PERCENT 

NO .3  ID.  MOISTURE  CONTENT  20  PERCENT 

DIAGRAM  89 

NO . I  CHESTNUT  SOIL  DEVELOPED  ON  RED  WEATHERING  CRUST. 
MOISTURE  CONTENT  0  PERCENT  /  L.  I  1  /  NORTHERN 
KAZAKHSTAN  /  TOLCJS60PFT 

NO .2  ID.  MOISTURE  CONTENT  10  PERCENT 

NO. 3  ID.  MOISTURE  CONTENT  20  PERCENT 

OIAGRAM  90 

NQ.l  TAKYR  SO  It  MOISTURE  CONTENT  2.8  PERCENT  /  L.  I  (1)  / 
1931  TO  1954  /  WEST  TURKMENIA  /  BEL0IN58NFI 
NO .2  10.  MOISTURE  CONTENT  30  PERCENT 

NO. 3  ID.  MOISTURE  CONTENT  11.7  PERCENT 


1M 


WAVE¬ 

DIAGRAM 

91 

DIAGRAM 

92 

DIAGRAM 

93 

LENGTH 

MMICR. 

NO.  1 

NO. 2 

NO.  3 

NO.l 

NO. 2 

NO. 3 

NO.l 

NO. 2 

NO,  3 

400 

• 

• 

• 

• 

• 

• 

• 

• 

• 

430 

25.8 

18.5 

9.8 

7.0 

6.5 

3.5 

4 

• 

• 

450 

22.2 

16.0 

8.7 

6.5 

6.0 

3.3 

• 

• 

• 

470 

20.0 

14.9 

8.5 

6.2 

6.0 

3.0 

«• 

• 

« 

490 

21.2 

16.5 

9.2 

7.0 

7.0 

3.0 

• 

• 

• 

510 

22.2 

17.8 

10.0 

7.5 

7.5 

3.4 

• 

• 

• 

530 

23.3 

19.0 

11.2 

8.3 

8.0 

4.0 

• 

• 

• 

550 

26.0 

20.5 

13.0 

9.8 

9.5 

4.9 

14.0 

27.2 

8.2 

570 

29.5 

22.0 

15.0 

1 « .0 

11.0 

6.0 

14.7 

27.0 

9.0 

590 

31.5 

23.0 

16.0 

12.2 

11.6 

6.5 

15.2 

27.0 

10.7 

610 

33.5 

24.0 

16.8 

13.0 

12.4 

7.3 

15.6 

26.8 

10.8 

630 

35.3 

25.2 

17.8 

13.8 

13.0 

7.8 

16.6 

30.0 

13.2 

650 

37.3 

26.2 

18.5 

14.8 

14.0 

8.5 

18.8 

32.0 

15.0 

670 

40.3 

29.0 

20.6 

16.2 

15.0 

9.5 

20.0 

33.2 

15.7 

690 

45.0 

34.5 

28.7 

19.0 

17.0 

10.8 

21.0 

34.5 

17.4 

710 

49.5 

34.5 

30.5 

21.7 

18.5 

12.2 

24.0 

37.0 

20  2 

730 

54.0 

45.0 

45.0 

24.5 

21.0 

13.5 

39.0 

49.5 

22.4 

750 

• 

• 

• 

• 

• 

• 

• 

52.7 

23.3 

770 

• 

• 

• 

• 

• 

. 

• 

• 

<> 

790 

% 

• 

• 

• 

• 

. 

• 

• 

• 

810 

• 

• 

• 

• 

• 

• 

• 

• 

• 

830 

• 

• 

• 

• 

• 

. 

• 

• 

• 

850 

• 

• 

• 

• 

• 

• 

• 

• 

• 

870 

• 

• 

• 

• 

• 

. 

• 

• 

• 

890 

• 

• 

• 

• 

• 

. 

• 

• 

• 

DIAGRAM  91 

NO. I  UGHT-GAAY  FOREST  SOIL  HEAVILY  PODZOLIZEO,  AIR-DRY  / 

L.  I  1  /  ANDRVL58SPL 

NO. 2  LIGHT-GRAY  FOREST  SOIL  DEEP,  HEAVILY  PODZOLIZED, 

MOISTURE  CONTENT  2.95  PERCENT  /  L,  I  1  /  ANDRVL58SPL 

NO. 3  ID.  MOISTURE  CONTENT  10.0  PERCENT 

DIAGRAM  92 

NO  •  1  CHERNOZEM  PODZOLIZED,  AIR-DRY  /  L.  I  1  /  ANDRVL58SPL 

NO. 2  ID.  MOISTURE  CONTENT  1.7  PERCENT 

NO, 3  ID.  MOISTURE  CONTENT  19.7  PERCENT 

DIAGRAM  93 

NO • 1  FALLOW  FIELD  BARE  SOIL  (GRAY  LOAM),  MOIST,  AFTER 
i, ARROWING  /  P,  I  3  /  JULY  8,  1957,  S*  35  /  rONSK  t 
BEL0SV594F L 

NO. 2  ID.  DRY  /  AUGU..T  5,  1957,  SA  50 

NO. 3  ID.  TWO  HOURS  AFTER  RAINFALL  /  AUGUST  25,  1957, 

SA  36 


XXII 


WAVE¬ 

DIAGRAM 

94 

OIAGRAM 

95 

DIAGRAM 

96 

LENGTH 
MM ICR* 

NO.l 

NO.2 

N0.3 

NO.l 

NO.2 

NO.  3 

NO.l 

NO.2 

NO.  3 

400 

• 

• 

• 

• 

• 

• 

• 

• 

. 

430 

• 

• 

• 

• 

• 

• 

n 

• 

. 

450 

8.4 

4.5 

4.5 

15.7 

16.0 

15.5 

5.8 

6.0 

4.4 

470 

8.7 

4.9 

4.0 

16.5 

16.0 

16.0 

5.7 

6.0 

4.5 

490 

9.4 

5.4 

4.0 

17.7 

16.1 

17.0 

5.9 

5.9 

4.4 

510 

9.8 

6.4 

4.7 

18.8 

16.5 

17.8 

7.0 

6.5 

4.7 

530 

10.5 

8.0 

5.4 

20.2 

17.5 

18.5 

7.7 

6.5 

5.0 

550 

10.8 

9,3 

5.8 

21.3 

18.2 

19.1 

8.4 

6.7 

5.3 

570 

11.7 

10.7 

6.3 

21.9 

18.5 

19.7 

8.7 

6.9 

5 .6 

590 

13.4 

11.7 

7.0 

22.7 

18.8 

20.3 

9.0 

7.4 

6»6 

610 

15.1 

12.7 

7.8 

24.6 

20.0 

20.5 

9.2 

7.5 

6.8 

630 

16.4 

13.1 

7.8 

26.4 

&1.2 

20.7 

9.5 

7.5 

7.5 

650 

17.4 

13.5 

7.8 

27.2 

21.2 

21.2 

10.2 

7.6 

7.8 

670 

18.2 

14.3 

8.3 

27.0 

20.5 

21.5 

10,8 

7.7 

7.5 

690 

18.9 

14.7 

8.9 

27.6 

20.1 

21.7 

11.8 

8.0 

7.3 

710 

19.5 

15.4 

9.7 

28.4 

19.9 

21.4 

13.0 

7.7 

7.6 

730 

20.0 

15.8 

10.1 

29.7 

20.6 

22.0 

14.3 

7.3 

7.8 

750 

20.5 

16.4 

10.4 

30.7 

21.7 

22.7 

15.5 

6.7 

8.0 

770 

21r0 

17.0 

10.6 

31.5 

21.3 

22.9 

16.2 

6.5 

8.1 

790 

21.5 

17.8 

10.8 

*2.2 

21.2 

23.0 

16.8 

7.2 

8.0 

810 

22.0 

18.4 

11.1 

32.8 

21.6 

23.4 

17.4 

7.7 

8.3 

830 

22.5 

18.8 

12,0 

33.4 

21.7 

23.0 

18.0 

8.3 

8.8 

850 

23.0 

19.4 

12. a 

34.2 

22.5 

24.9 

18.7 

8.6 

9.2 

870 

23.3 

19.6 

13.4 

34.9 

24.2 

25.5 

19.0 

8.9 

9.5 

8  90 

23.6 

19.7 

13.7 

35.5 

25.5 

24.6 

19.0 

10.1 

9.8 

DIAGRAM  94 

NO.l  LOAMY  SOIL  DRY,  GRAY  A  G*  I  2,(1)  /  SEPTEMBER  8»  1958, 
SA  46  /  ALEKVA60SDP 

NO.2  LOAM  MOIST,  BROWN-YELLOW  /  G,  I  2,(1)  / 

SEPTEMBER  15,  1958,  SA  42  /  ALEKVA60SDP 

NO, 3  SLIMY-GLEY  SOIL  MOIST,  BLACK  /  G,  I  2,(1)  / 

JULY  17,  1958,  SA  60  /  ALEKVA60SDP 

OIAGRAM  95 

NO.l  OIRT  ROAD  DRV  (YELLOWISH-GRAY  SAND)  /  G,  I  2,(1)  / 

JULY  17,  1958,  SA  58  TO  60  /  ALEKVA6CS0P 

NO  .2  ROAD  STONE  PAVEMENT,  DRY  /  G,  I  2, ( 1 )  /  JULY  17, 

1958,  SA  58  TO  60  /  ALEKVA60SDP 

NO. 3  ROAD  ASPHALT  PAVEMENT,  DRY  /  G,  I  2,(1)  I 

JULY  IT,  1958,  SA  58  TO  60  /  ALEKVA60S0P 

OIAGRAM  96 

NO.l  OIRT  ROAD  MET  (YELLOWISH-GRAY  SAND)  /  G,  I  2,(1)  / 

JULY  17,  1958,  SA  58  10  60  /  ALEKVA6JSDP 

NO  .2  ROAD  STONE  PAVEMENT,  WET  /  G,  1  2,11)  /  JULY  IT, 

1958,  SA  58  TO  60  /  ALEKVA60SDP 

NO. 3  ROAD  ASPHALT  PAVEMENT,  WET  /  G,  I  2*<l>  / 

JULY  17,  1958,  SA  58  TO  60  /  ALEKVA6DS0P 
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WAVE¬ 

DIAGRAM 

97 

DIAGRAM 

98 

DIAGRAM 

99 

LENGTH 

MMICR. 

NO  .  1 

NO  *2 

NO. 3 

NO.  1 

NO. 2 

NO. 3 

NO.  1 

NC  v  2 

NO. 3 

400 

• 

• 

• 

• 

• 

• 

• 

• 

• 

430 

• 

• 

• 

9.0 

26.4 

17.1 

• 

• 

• 

450 

15.6 

6.3 

5.6 

9.3 

27.0 

19.3 

« 

• 

• 

470 

16.2 

7.0 

5.4 

9.8 

29.0 

22.5 

• 

• 

* 

490 

17.0 

7.5 

6.0 

10.1 

31.0 

26.0 

• 

• 

• 

510 

18.2 

8-5 

6.7 

10.9 

32.1 

28.6 

• 

• 

• 

530 

19.7 

9.3 

7.5 

12.5 

33.8 

31.5 

f* 

• 

r 

550 

21.2 

10.8 

8.2 

15.0 

34.8 

34.8 

24.5 

21.5 

20.8 

570 

22.6 

12.0 

9.0 

17.5 

35.5 

37.2 

27.1 

23.2 

22.5 

590 

23.8 

13.3 

9.8 

19.5 

36.4 

38.3 

29.5 

25.3 

24.8 

610 

25.2 

14.2 

10.5 

20.4 

37.0 

39.2 

31.3 

27.0 

26.2 

630 

25.9 

14.6 

10.8 

21.8 

37.6 

39.5 

32.0 

27.3 

26.4 

65u 

26.7 

14.9 

11.4 

21.6 

37.2 

39.5 

33.2 

28.0 

27.2 

670 

27.6 

15.4 

12.0 

21.6 

38.0 

39.5 

34.0 

31.2 

30.0 

690 

28.2 

16.5 

12.5 

• 

• 

• 

36.0 

31.8 

31.0 

710 

28.9 

17. e 

13.1 

• 

• 

• 

41.3 

33.0 

31.7 

730 

29.2 

18.5 

13.6 

• 

• 

• 

41.7 

33.5 

32.5 

750 

29.5 

19.2 

14.3 

• 

• 

• 

41.8 

33.7 

32.7 

770 

30.0 

19. 7 

15.0 

• 

• 

• 

• 

J 

• 

790 

30.5 

20.3 

15.7 

• 

• 

• 

• 

• 

• 

810 

31.1 

20.8 

16.5 

• 

• 

• 

• 

• 

• 

830 

31.9 

21.4 

17.3 

• 

« 

• 

• 

• 

• 

850 

32.8 

22.0 

17.9 

• 

• 

• 

• 

• 

- 

870 

33.1 

22.3 

18.1 

• 

• 

* 

• 

• 

• 

890 

33.4 

22.5 

18.1 

• 

• 

• 

* 

• 

• 

DIAGRAM  97 

NO. I  LOAMY  SAND  SOIL  JRY ,  LIGHT  GRAY  /  G,  I  2,11)  / 

AUGUST  11,  1958,  SA  56  f  ALEKVA60SOP 
NO. 2  ID.  WITH  A  BROWNISH  TINT  /  SA  53 

NO. 3  ID.  FRESH,  BROWN-GRAY  /  SA  47 

DIAGRAM  98 

NO  .1  CLAY  GRAY-BROWN,  PARENT  MATERIAL  /  L,  I  (1)  / 

1931  TO  1954  /  WEST  TURKMENIA  BELOIN53NF I  (AFTER 
LJiLIKOV  ET  AL.,  1955) 

NO. 2  ID.  GREEN-GRAY 

NO, 3  ID.  BROWN-YELLOW 

DIAGRAM  99 

NO •  1  RIVCR  SANO  DRV,  LIGHT  BROWNISH-GRAY,  WITH  SMOOTH 

SURFACE  /  G,  I  1,3  /  1957,  SA  45  /  TOMSK  /  BELOSV59AFL 
NO. 2  10.  WITH  SMALL  ARTIFICIAL  FURROWS  (10  MM  DEEP, 

30  MM  AP ATT ) ,  PARALLEL  TO  SHADOW  DIRECTION 
NO. 3  ID.  WITH  SM«LL  ARTIFICIAL  FURROWS  (10  MM  DEEP. 

30  MM  APART),  PERPENDICULAR  TO  SHADOW  DIRECTION 


WAVE-  DIAGRAM  100 
LENGTH  NO. 1  NO. 2  NO.  3 
MM  ICR. 


DIAGRAM  101  DIAGRAM  102 

NO.l  NO. 2  NO. 3  NO . 1  NO. 2  NO. 3 


400 

• 

• 

430 

9.0 

5.2 

450 

8.6 

5.0 

470 

8.2 

5.0 

490 

7.6 

5.3 

510 

7.8 

6.0 

530 

8.1 

6.3 

550 

9.8 

6.8 

570 

13.2 

6.8 

590 

16.9 

6.3 

610 

19.3 

5.1 

630 

20.4 

4.1 

650 

20.6 

3.8 

6  70 

20.0 

3.7 

690 

• 

• 

710 

0 

• 

730 

• 

• 

750 

0 

• 

770 

• 

• 

790 

• 

• 

810 

• 

• 

8  30 

0 

• 

850 

0 

0 

870 

0 

• 

890 

0 

• 

•  •  • 

22.0  19.0  9.1 

23.5  20.0  8.6 

26.2  22.1  8.5 

28.6  24.3  8.6 

31.4  27.0  8.7 

33.8  29.1  9.5 

36.0  30.9  10.0 

38.0  33.0  11.7 

39.6  34.2  12.9 

41.0  35.3  13.9 

41.7  35.2  14.0 

41.4  34.8  13.9 

40.4  32.3  13.1 


• 

• 

0 

7.0 

80.8 

33.2 

7.2 

80.2 

34.5 

8.3 

80.0 

37.2 

9.0 

80.0 

40.0 

10.1 

79.9 

42.6 

’2.1 

79.7 

46.0 

13.6 

79.8 

50.o 

15.0 

79.8 

56.2 

16.0 

79.8 

58.9 

16.4 

79.8 

60.0 

16.4 

79.7 

60.2 

16.5 

79.8 

59.8 

16.2 

79.8 

59.2 

• 

• 

0 

• 

• 

0 

• 

• 

0 

• 

• 

0 

• 

0 

• 

• 

0 

0 

0 

0 

• 

0 

0 

• 

0 

• 

• 

0 

0 

• 

0 

0 

OIAGRAM  100 
NO.l  SALT  LAKE 


NO. 2 
NO. 3 


SW  Turku cut  a  '  G’  1  1  1  ‘SUMMER)  1954  / 

SW  TURKMENIA,  MOLLA  KORA  REGION  /  LJALKS60I0P 

ID*  GREEN 

'Tag  region  /Gui.isiolopMMER’  1954  7  SW  TURKMENIA’  b°e- 


DIAGRAM  101 
NO.l  CLAY 

G,  I 

NO. 2  10. 


DARK-GRAY 
SW  TURKMENIA 
DARK-GRAY 


*  COVERED  WITH  A  THIN  SALT  CRUST 
/  LJALKS60I0P 
r  SALT  CRUST  SCRATCHED  OFF 


/ 


I 


OIAGRAM  102 

NO.l  DARK  AREA  OF  THE  KEL.-KOR  SHOR  (SALT  LAKE)  /  G, 
(SUMMER )  1954  /  SW  TURKMENIA  /  LJALKS60  IOP 
AREA  COVERED  8Y  A  FRESH  AND  MOIST  SALT  CRUST  (KFL.-XHR 
SHOR)  /  G,  I  1  /  (SUMMER)  1954  /  SW  TURKMEN ! ' 


NO. 2 


L JALKS60I0P 
NO. 3  SALT  CRUST 

RIVER  /  G,  I 
LJALKS60 IOP 


?0I,L^,>2L™AN0  AND  DUST»  DED  OF  THE  AKTAM 
1  /  (SUMMER)  1954  /  SW  TURKMENIA  / 


-  202  - 


X 


WAVE¬ 

DIAGRAM 

103 

DIAGRAM 

104 

DIAGRAM 

LENGTH 

NO  .1 

NO. 2 

NO. 3 

NO.  1 

NO. 2 

NO. 3 

NO.  1 

NO.  2 

MM I  CP.. 

400 

« 

• 

• 

# 

• 

• 

• 

* 

430 

19.0 

26.0 

1,7 

8.7 

7.2 

• 

44,5 

19.1 

450 

20,0 

29.3 

2.0 

9.5 

7.2 

• 

47.4 

20.6 

470 

22,4 

30.8 

2.3 

10.4 

7.7 

• 

50.0 

21.8 

490 

25.6 

35.0 

2.6 

12.0 

7.9 

• 

53.7 

23.5 

510 

30.0 

37.4 

2.9 

13.0 

8.2 

56.7 

24.9 

530 

34.0 

39.1 

3.5 

14.3 

8.7 

• 

60.1 

26.1 

550 

39.5 

41.3 

4.0 

16.3 

9.0 

• 

63.1 

27.5 

5  70 

45,0 

42.2 

6 . 7 

18.3 

9.3 

• 

65.8 

28.5 

590 

49,5 

41.8 

9.3 

19.8 

9.6 

• 

68.0 

29.3 

610 

52.1 

40.0 

10.7 

21.3 

10.0 

• 

69.0 

29.2 

630 

54.0 

37.8 

12.0 

22.0 

10.2 

• 

68.6 

28.6 

650 

54.8 

36.0 

12.2 

.22.0 

10.8 

• 

67.8 

27.9 

6  70 

54.9 

34.0 

12,0 

21.5 

10.0 

• 

66.2 

• 

690 

• 

• 

• 

• 

• 

• 

« 

• 

710 

• 

• 

• 

• 

• 

• 

• 

730 

• 

• 

• 

• 

• 

• 

• 

• 

750 

• 

• 

• 

• 

* 

• 

• 

• 

770 

• 

• 

• 

• 

9 

• 

• 

• 

790 

• 

• 

• 

• 

• 

• 

• 

• 

810 

• 

• 

• 

• 

• 

• 

• 

830 

• 

• 

• 

• 

• 

• 

• 

• 

850 

• 

• 

• 

• 

• 

• 

• 

• 

870 

• 

• 

• 

• 

• 

• 

» 

• 

890 

• 

• 

• 

• 

• 

• 

• 

• 

NO.  3 


DIAGRAM  103 

NC.l  UPPER  CARBONATE  CRETASSIC  BROWN,  FRESHLY  BROKEN  / 

G,  I  1  /  SW  TURKMENIA,  SMALL  BALKHAN  /  L JA  LKS60 1  OP 
NO. 2  ID.  GREEN 

NO. 3  LIMONITE  FRESHLY  DEPOSITED  ON  THE  BOTTOM  OF  CREEKS  / 

G,  I  1  /  SW  TURKMENIA,  BOE-DAG  REGION  /  LJALKS60I0P 

DIAGRAM  IG4 

NO .  1  VOLCANIC  ROCK  FRESHLY  BROKEN,  YELLOW-GRAY  COI OR  / 

G,  I  1  /  SW  TURKMENIA  /  LJALKS60I0P 
NO. 2  ID.  COVERED  WITH  DESERT  VARNISH,  BLACK  COLOR 


DIAGRAM  105 

NO .  1  UPPER  CARBONATE  CRETASSIC  WEATHERED  /  G, 
SW  TURKMENIA  /  LJALKS60I0P 
NO. 2  ID.  GREEN,  UNWEATHERED 


I  1 


1 

i 


V AVE-  DIAGRAM  106  DIAGRAM  107  DIAGRAM  103 

LENGTH  NO • 1  NO. 2  NO. 3  NO.l  NO. 2  NO. 3  NO.l  NO. 2  NO. 3 
MM  ICR. 

400  ...  ...  ... 

430  26.6  9.0  .  ...  ... 

450  30.0  9.4  .  ...  ... 


470  33.4  10.9 


490 

36.5 

12. J 

• 

57.5 

36.0 

30.0 

10. 0 

7.4 

510 

40.0 

14.9 

• 

61.7 

37.0 

30.0 

10.2 

7.0 

530 

43.8 

17.3 

• 

68.5 

38.0 

30.5 

12.2 

8.4 

550 

47.1 

19.5 

• 

73.5 

39.5 

32.0 

14.0 

10. 0 

570 

50.6 

21.7 

• 

76.5 

41.7 

34.5 

14.3 

10.0 

590 

53.7 

23,0 

• 

80.2 

45.0 

38.0 

1h.5 

9.5 

610 

55.4 

24.0 

• 

87.0 

46.0 

39.5 

14.0 

8.0 

630 

56.5 

24.2 

• 

93.0 

47.5 

40.0 

13.0 

7.0 

650 

57.1 

24.6 

• 

96.2 

49.0 

40.2 

12.0 

b<>6 

6  70 

55.4 

24.6 

• 

97.0 

51.5 

41.0 

11.0 

7.0 

690 

• 

• 

> 

96.5 

55.5 

43.0 

10.2 

8.0 

710 

• 

• 

• 

95.0 

60.5 

45.5 

10.0 

10.8 

730 

• 

• 

• 

92.8 

65.0 

48.5 

10.7 

15,3 

750 

• 

• 

• 

91.5 

68.2 

51.2 

15.0 

21.3 

770 

• 

• 

0 

91  ,5 

69.5 

53.5 

28.0 

28.0 

790 

• 

• 

• 

90.5 

69.0 

55.5 

43.2 

32.5 

810 

• 

• 

• 

86.5 

67.0 

55.5 

52.2 

37.0 

830 

• 

• 

• 

80.0 

65.5 

54.5 

56.0 

39.0 

850 

• 

• 

7'..  5 

64.5 

54.0 

57.5 

40.5 

8  70 

• 

• 

• 

71.5 

65.0 

54.0 

55.2 

41.0 

890 

• 

• 

• 

68.5 

65.8 

53.8 

49.5 

41.0 

DIAGRAM  106 

NO.l  ROCK  YELLOW-GRAY  /  G.  I  1  /  SW  TURKMENIA  / 

L JALKS60I0P 

NO. 2  ID.  COVERED  8Y  LICHENS  OF  BROWN-YELLOW  COLOR 

DIAGRAM  107 

NO.l  SOLONCHAK 

ARCYES62ISJ 

NO. 2  TAKYR 

ARCYES62ISJ 

NO. 3  STABLE  SAND 

ARCYES62ISJ 

DIAGRAM  108 

NO.l  WHITE  SAXAUL  GRAY-GREEN  SHOOTS  /  P,  I  7  /  JULY, 

1958  TO  1960  /  ASHKHABAD  /  ARCYES62 I S J 

NO. 2  SHALLOW  DEPRESSIONS  P,  I  7  I  JUlY,  1958  TO  I960  / 
ASHKHABAD  /  ARCYES62 ISJ 


P,  I  7  /  JULY,  1958  TO  1960  /  ASHKHABAD  / 
P,  I  7  /  JULY,  1958  TO  I960  /  ASHKHABAD  / 
P,  I  7  /  JULY,  1958  TO  1960  /  ASHKHABAD  / 
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WAVE¬ 

DIAGRAM  109 

DIAGRAM  110 

DIAGRAM  111 

LENGTH 

MM1CR. 

NO  .1 

NO. 2 

NO. 3 

NO.  1 

NO. 2 

NO. 3 

NO.  1 

NO. 2  NO 

.3 

400 

• 

• 

• 

• 

* 

• 

• 

• 

430 

6.7 

4.4 

15.2 

17.7 

6.4 

20.0 

17. C 

20.0 

450 

7.1 

4.3 

15.4 

19.0 

6.8 

20.0 

20.0 

21.0 

470 

7.4 

4.0 

18.2 

20.5 

7.8 

21.3 

23.0 

22.5 

490 

8.0 

4.4 

20.2 

22.2 

8.8 

23.0 

25.5 

23.6 

510 

8.5 

4.5 

22.0 

24.1 

9.3 

24.9 

27.2 

24.6 

530 

9.0 

4.7 

22.8 

26.1 

10.3 

26.2 

28-6 

25.0 

550 

9.4 

4.8 

23.8 

28.4 

11.2 

27.4 

3C.0 

26.0 

570 

10.0 

5.0 

25.0 

30.6 

12.2 

28.8 

31.8 

28.4 

590 

10. 7 

5.1 

27.0 

31.: 

13.5 

29.6 

33.2 

30.3 

410 

11.0 

5.0 

28.0 

31.8 

14.3 

30.1 

34.0 

30.8 

630 

11.5 

5.3 

28.5 

31.5 

14.3 

30.2 

33.9 

32.0 

550 

11.6 

5.6 

28.8 

31.4 

13.3 

30.2 

33.9 

31.6 

670 

11.7 

5.7 

28.4 

31.2 

12.9 

29.8 

33.8 

30.0 

690 

• 

• 

• 

• 

. 

• 

• 

• 

710 

• 

• 

• 

• 

• 

• 

0 

• 

7->0 

• 

• 

« 

• 

* 

• 

0 

• 

750 

• 

• 

• 

• 

0 

• 

0 

0 
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• 

• 

• 

• 

• 

• 

0 

• 

790 

• 

• 

• 

0 

• 

0 

• 

810 

• 

• 

• 

• 

• 

• 

0 

• 

830 

• 

• 

• 

• 

• 

• 

0 

• 

850 

• 

• 

* 

• 

• 

• 

0 

• 

870 

• 

0 

0 

• 

• 

• 

0 

• 

890 

DIAGRAM 

• 

109 

• 

0 

• 

0 

• 

0 

• 

NO . 1  COMMON 

CHERNO 

ZEM 

sample 

136A  / 

L,  I  1 

/  NORTHERN 

KAZAKHSTAN  /  T0LCjS6r  FT 

NO. 2  MEADOW  CHERNOZEMIC  SOIL  SAMPLE  67  /  L.  I  1  /  NORTHERN 


KAZAKHSTAN  /  TCLCJS60PFT 

NO. 3  CARBONATE  CHERNOZEM  LOW  HUMUS  CONTENT,  SAMPLE  144  / 
L,  I  1  /  NORTHERN  KAZAKHSTAN  /  TOLC JS60PFT 


DIAGRAM  110 

NO .  1  SHALLOW  SOLONETZ  SAMPLE  141  /  L,  I  1  /  NORTHERN 
KAZAKHSTAN  /  TO LCJS60PFT 

NO. 2  CHERNOZEM  HEAVILY  SOLONIZED,  SAMPLE  142  /  L,  I  1  / 

NORTHERN  KAZAKHSTAN  /  TOLC JS60PFT 
NO. 3  GLEY  SOLOTH  SAMPLE  145  /  L,  J  1  /  NORTHERN  KAZAKHSTAN  / 

TOLC JS60PFT 

DIAGRAM  111 

NO .  1  TAKYR  SOIL  CLAY  MATERIAL,  DEVELOPED  ON  COLLUVIUM 

SAMPLE  1  /  L.  I  (1)  /  1951  TO  1954  /  WEST  TURKMENIA  / 

BeLO IN58NF I 
N(i . 2  ID. 


SAMPLE  180 


mh.in  o/o 
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WAVE¬ 

DIAGRAM  ! 

L 12 

DIAGRAM  1 

L 1 3 

oiar 

UW  i 

1 14 

LENGTH 

NO.l 

NO. 2 

NO. 3 

MO.  1 

NO. 2 

NO. 3 

NO  1 

NO.l 

NO.  3 

MM  ICR • 

400 

• 

■ 

• 

• 

• 

• 

• 

a 

a 

430 

12.6 

18.0 

23.5 

4.3 

12.3 

20.2 

8.0 

6.3 

4.0 

450 

12.7 

18.7 

2  V.2 

4.5 

13.0 

20.2 

8.0 

6.4 

4,0 

4  70 

12.8 

19.2 

24.3 

5.2 

14.0 

21.5 

8.0 

6.5 

4.0 

490 

13.2 

19.2 

24.7 

5.5 

14.5 

21.1 

8.3 

6.6 

4.  1 

510 

14.6 

19.3 

25.2 

6.2 

15.6 

21.2 

9.0 

6.8 

4.2 

530 

.5  .6 

19.5 

25.0 

7.3 

16.7 

21.5 

10.0 

6.8 

4.5 

550 

17.1 

20.8 

25.0 

9.2 

17.1 

21.9 

10.6 

7.3 

4.6 

570 

19.6 

21.2 

25.0 

9.7 

16.6 

22.5 

11.0 

7.6 

4.8 

590 

21.0 

21.5 

24.9 

10.2 

17.1 

22.3 

11.2 

7.8 

5.1 

610 

21.6 

22.3 

24.9 

10.5 

17.8 

21.9 

12.2 

8.0 

5.3 

6  30 

21.5 

22.5 

25.0 

l<  .7 

18.5 

21.5 

13.4 

8.5 

5.6 

650 

21  .0 

23.6 

25.0 

11.5 

18.8 

21.0 

14.0 

9.0 

6.  1 

6  70 

20.8 

2  5.5 

25.0 

12.3 

19.2 

20.7 

13.9 

8.8 

6.2 

690 

• 

a 

• 

• 

a 

• 

. 

a 

a 

710 

• 

a 

• 

• 

a 

w 

• 

* 

a 

730 

• 

• 

• 

• 

• 

a 

a 

a 

• 

750 

• 

• 

• 

• 

• 

• 

• 

a 

• 

770 

a 

• 

• 

• 

• 

• 

a 

a 

• 

790 

• 

• 

• 

• 

• 

• 

a 

a 

- 

810 

• 

• 

• 

• 

a 

• 

a 

a 

a 

8  30 

• 

• 

a 

• 

• 

• 

a 

a 

a 

850 

• 

• 

• 

• 

a 

• 

a 

a 

a 

8  70 

• 

• 

• 

• 

• 

• 

a 

- 

a 

890 

• 

• 

• 

a 

• 

• 

a 

a 

DIAGRAM  112 

NO.l  SHALLOW  SOLONETZ  L,  I  1  /  TOLCJS5°OTP 

NO  .2  G2EY  SOLOTH  L  *  I  1  /  T0lCJSr90.P 

NO. 3  EXTERNAL  SOLONCHAK  L,  I  1  /  TOLC JS590TP 

OIAGRAM  113 

NO.l  CRYPTnooDZOLIC  PEAT  SOIL  L.  I  1  /  TOLC JS590TP 
NO. 2  SOODY  PODZOLIC  SOIL  L,  I  1  /  TOLC JS590TP 
NO. 3  GLEY  PODZOL  L »  I  1  /  T0LCJS590TP 

DIAGRAM  114 

NO.l  GRAY  FORES.  SOU.  L,  I  1  /  TCLCJS390TP 

NO. 2  COMMON  'KfcSNOZEM  L.  I  1  /  TOLC JS590TP 

NO. 3  MEADOW  SOIL  L.  I  1  /  TOLCJS590TP 
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WAVE¬ 

DIAGRAM  115 

DIAGRAM  116 

LENGTH 

NO.l 

NO. 2 

NO  .3 

NO.l 

NO. 2 

NO. 3 

MMICR. 

400 

• 

• 

• 

• 

• 

• 

430 

7.5 

18.5 

8  .6 

25.8 

19.4 

11.0 

450 

8.2 

20.0 

9.9 

22.2 

17.9 

9.0 

470 

8.6 

22.4 

12.6 

20.0 

17.2 

8.0 

490 

8.8 

24.3 

14.5 

21.2 

18.6 

9.2 

510 

9.5 

26.9 

17.4 

22.2 

20.2 

10.0 

530 

10.5 

29.3 

t2. 7 

23.3 

21.7 

11.0 

550 

11.7 

31.0 

28  .9 

26.0 

24.5 

13.2 

570 

13.0 

32.4 

31.9 

29.5 

27.5 

15.0 

590 

14.5 

33.8 

34.1 

31.5 

29.0 

16.5 

610 

15.0 

35.0 

37.0 

33.5 

30.2 

,18.0 

630 

15.2 

35.5 

38.7 

35.3 

31.5 

19.5 

650 

15.2 

36.0 

38.4 

37.3 

33.0 

21.2 

670 

15.0 

35.9 

38.3 

40.3 

35.2 

23.5 

690 

• 

• 

• 

45.0 

39.6 

26.0 

710 

• 

• 

• 

49.5 

44.0 

29.5 

730 

• 

• 

• 

54.0 

48.5 

32.5 

750 

• 

• 

• 

• 

• 

770 

* 

• 

• 

• 

• 

• 

790 

• 

• 

• 

• 

o 

• 

81? 
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> 
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• 

• 

• 

830 

W 

• 

• 

• 

• 

• 

85C 

• 
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• 

• 

• 

• 

870 

• 

> 

• 

• 

• 

• 

890 

• 

• 

• 

• 

• 

• 

DIAGRAM  117 


NO.l 

NO.  2 

NO. 3 

• 

• 

• 

9.7 

7.9 

7.0 

8.3 

7.2 

6.5 

7.4 

6.7 

6.2 

8.4 

7.5 

7.0 

9.3 

8.2 

7.5 

10.2 

9.0 

8.3 

12.0 

10.7 

9.8 

13.7 

12.0 

11.0 

15.0 

13.5 

12.2 

16.2 

14.3 

13.0 

17.2 

15.0 

13.8 

18.5 

16.3 

14.8 

20.3 

17.9 

16.2 

23.0 

20.5 

19.0 

26.4 

23.6 

21.7 

29.6 

26.5 

24.5 

• 

• 

e 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

* 

• 

• 

• 

• 

• 

• 

• 

DIAGRAM  115 

NO , 1  CHESTNUT  SOIL  L,  !  1  /  TOLC JS590TP 

NO. 2  SIEROZEM  TYPICAL  /  U  I  i  /  TOLC JS590TP 

NO. 3  EROOED  LATOSOL  L.  I  1  /  T0LCJS590TP 

DIAGRAM  116 

NO.l  LIGHT-GRAY  FOREST  SOIL  HEAVILY  PODZOLIZED,  AIR  DRY  / 

L.  I  1  /  ANORVL58SPL 
NO. 2  ID.  GLEYISH 

NO. 3  LIGHT-GRAY  FOREST  SOIL  AIR-DRY  /  L »  I  1  /  ANDRVL58SPL 
DIAGRAM  117 

NO.l  GRAY  FOREST  SOIL  AIR-DRY  /  L ,  I  1  /  ANDRVL58SPL 

NO. 2  DARK-GRAY  FOREST  SOIL  AIR-DRY  /  L *  11/  ANDRVL58SPL 

NO. 3  CHERNOZEM  PODZOLIZED,  AIR-DRY  /  L,  I  1  /  ANDRVL58SP L 
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WAVE¬ 

DIAGRAM  118 

DIAGRAM 

119 

LENGTH 

NO  .1 

NO. 2  NO. 

3  NO.l 

NO. 2 

NO. 3 

MM1CR. 

400 

• 

•  • 

• 

• 

• 

430 

18.5 

9.5 

8.0 

6.7 

5.5 

450 

16.0 

8.0 

7.0 

6.4 

5.0 

470 

14.9 

7.3 

6.5 

6.0 

4.7 

490 

16.5 

8.5 

7.6 

6.6 

4.9 

510 

17.8 

9.1 

8.5 

7.0 

5.4 

530 

19.0 

10.0 

9.0 

7.7 

5.7 

550 

20.5 

11.8 

11.0 

9.4 

6.7 

570 

22.0 

13.7 

12.6 

10.8 

7.8 

590 

23.0 

14.8 

13.7 

11.7 

8.4 

610 

24.0 

15.5 

14.5 

12.1 

8.8 

630 

25.2 

17.0 

15.5 

)  7.5 

9.5 

650 

26.2 

17.8 

16.3 

.3.2 

10.0 

670 

29.0 

20.0 

18.3 

14.7 

11.5 

690 

34.5 

23.0 

21.0 

17.0 

13.0 

710 

39.5 

26.3 

23.8 

19.0 

14.7 

T30 

45.0 

30.0 

27.0 

21.4 

16.1 

750 

• 

•  • 

• 

• 

• 

770 

• 

«  • 

• 

• 

• 

790 

• 

•  • 

• 

• 

• 

810 

• 

•  • 

• 

• 

830 

• 

•  • 

• 

• 

• 

850 

• 

•  • 

• 

• 

• 

870 

• 

•  • 

• 

• 

• 

890 

• 

•  • 

• 

• 

• 

DIAGRAM  120 
N0.1  NO. 2  NO. 3 


DIAGRAM  118 

NO .  1  LIGHT-GRAY  FOREST  SOU  DEEP.  HEAVILY  PODZOLIZED, 

MOISTURE  CONTENT  2.95  PERCENT  /  L.  I  1  /  ANDRVL58SPL 
NO. 2  LIGHT-GRAY  FOREST  SOIL  MOISTURE  CONTENT  6.96  PERCENT  / 
L.  I  *  /  ANDRVL50SPL 


DIAGRAM  119 

NO . 1  GRAY  FOREST  SOIL  MOISTURE  CONTENT  7.63  PERCENT  /  L.  I  1 
ANDRVl 58SPL 

NO. 2  DARK-GRAY  FOREST  SOIL  MOISTURE  CONTENT  9.52  PERCENT  / 

L.  I  1  /  ANDRVL58SPL 

NO. 3  CHERNOZEM  R^OZOLIZED,  MOISTURE  CONTENT  10.0  PERCENT  / 

L.  I  1  /  AN0RVi.58SPL 
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GROUND  WATER). 

♦BABKOV  A I 

nekotorve  osobenno:ti  otrazhatel.noj  sposobnosti 

(AL.BE 00)  P0VERKHN0STI  M0RJA.°  (RUSS.) 

IN  - I  SPOL 1  ZCiV  AN  I E  AcROMETOOOV  PRI  ISSLEDOVANII 

priroonykh  resursov-  (the  application  of  aerohethqds 

TO  THE  INVESTIGATION  OF  NATURAL  RESOURCES).  155-159, 
LAB.  AEROMET.  . 


lao.  ACKunci.,  AKAO.  NAUK  SSSR,  HOSCOW/LEN INGRAO  1961. 
(SOME  CHARACTERISTICS  OF  THE  REFLECTANCE  (ALBEDO) 

OF  THE  SEA  SURF  ACE ! . 

♦BAKHVALOV  VM 

METOOIKA  SPEKTRO ZONAL. NOJ  AEROFOTOS . . EMK I  NA  PLENKE  SN-2 
1  EE  KHARAKTERI STIKA  DLJA  DESH I FR 1 ROVAN I J A  AEROSNIMKOV 

.np-rJr^M  seM5HDo«EWR^®rf  ,russ-’ 

MESTOROZHOENIJ  ALMAZOV-  ( i HE  APPLICATION  OF  AERGHETHODS 
TO  THE  PROSPECTION  OF  PRIMARY  DIAMANT  DEPOSITS),  55-65. 
LAB.  AEROMET..  AKAO.  NAUK  SSSR.  MOSCOW/LENINGRAD  1960. 
(THE  METHOD  0.-  S°F  TROZONAL  UR  PHOTOGRAPHY  ON 
SN-2  FI  1  A*l(j  It;  CHARACTERISTIC",  FOR  THE  PROSPECTION 
OF  PRIMARY  D I  AM Mi i T  DEPOSIT?  BY  MEANS  OF  PHOTO 
INTERPRETATION). 

♦BELONOGOVA  IN  VINOGRADOV  BV 

NEKOTORVE  FAKTORY,  0  BUS LOVL I VA JUSHCH! E  IZOBRAZHENIE 

LANOSHAFTOV  GLINISTYKH  RAVNIN  NA  A EROSN IMK AKH . 1  (RUSS.) 
TRUDY  LAB.  AEROMET.,  6,  100-107,  AKAD.  NAUK  SSSR, 
hOSCOW/LENINGRAD  1958. 

(SOME  FA.C TORS  INFLUENCING  ThE  APPEARANCE  OF  CLAY 
FLATS  ON  AIR  PHOTOGRAPHS). 

♦BELONOGOVA  IN  TO LCHEL.NIKOV  JS 

0  ZAVISIMOSTI  SPEKTRA  L ,  NOJ  JARKOSTI  MINERALOV  OT 
STEPFNI  DISPERSNOSTI .=  (RUSS.) 

IZV.  AKAD.  NAUK  SSSR,  SER.  GEOL..  11,  98-101.  1959. 

(ON  THE  DEPENDANCE  OF  THE  SPECTRAL  BRIGHTNESS  OF 
MINERAL'  ON  THE  DEGREE  OF  DISPERSION). 

♦BELOV  SV  ARCY8ASHEV  ES 

IZUCHENIE  OTRAZHATEL.NOJ  SPOSOBNOSTI  DREVESNYKH 
„  PORQD.-  (RUSS.) 

BOT.  CHURN.,  42,  4,  517-534,  1957. 

^  (INVESTIGATION  OF  THE  REFLECTANCE  OF  TREE  SPECIES). 

♦BELOV  SV 

ara^*nauk  sssr, 

MO SCOW /LENINGRAD  1959. 

(AIR  PHOTOGRAPHY  OF  FORESTS). 

BEREZKIN  VA  GERSHUN  AA  JANISHEVSKIJ  JD 

PROZRACHNOST,  I  CVET  MORJ A • =  (RUSS.) 

IZV.  VOEN.NO-MORSKOJ  AKAD.  NF  IM.  K.E.  VGROSHiLOVA, 

1940. 

(THE  TRANSPARENCY  AND  COLOR  OF  THE  SEA). 

♦BOGOMOLOV  LA 

KAMERAL.NOE  DESH IFR I RC VAN  I E  POVERKHNOSTNOGO  POKROVA 
TUNDRY.-  I  RUSS  .  ) 

YQ PROSY  GEOGR.,  42,  ^>4-60.  1958. 

(Photo  interpretation  or  Surface  cover  in  the  tundra 

REGION). 

♦BOGOMOLOV  LA 

TOf’OGRAF  ICHESK0E  OE  SH I F  R  I  ROVAN  l  E  PRIR0CN0G0 
LANOSHAFTA  NA  AEROSNIMKAKH.*  (RUSS.) 

196PP . ,  GCSGEOLTEKHIZDAT,  MOSCOW  1963. 

(TUPQGRAPHlC  INTERPRETATION  OF  THE  NATURAL  LANDSCAPE 
ON  AIR  PHOTOGRAPHS). 

♦BUSHUEV  AV  GONIN  GV  LOSHCHILOV  VS 

IZUCHENIE  l EDO VO GO  REZHIMA  MORE J • *  (RUSS.) 

IN  -AEROMETODY  IZUCHENIJA  PrTrOONYKH  RESURSOV-, 

EO.  BY  JANIKOV  GV,  257-269,  GOS.  IZD.  GEOGR.  LIT., 


JANISHEVSKIJ  JD 


IN  THE  TUNDRA 


NATURAL  LANDSCAPE 


MOSCOW  1962. 

(Investigation  of  the  ice  regimfn  of  the  sea), 
bylov  MV 

GB  OTRAZHEN I  I  SVETA  OT  ES TES TVFNN7KH  PDVER KHNOS TE J . • 
(RUSS. I 

TRUOY  CENTR.  NAUCHNO-ISSl .  INST.  GEOD.  AECOS,  I  KARTOGR., 
4,  LENINGRAD  1931. 

(QN  THE  REFLECTION  OF  LIGHT  FROM  NATURAL  SURFACES’ 

OANCHEV  VI 

ZNACHENIE  CIFROVOJ  KHARAKTER I S T IK  I  CVETA  OSAQOCHNYKH 

OF 

SEDIMENTARY  ROCKS  NUMERICALLY). 

♦DANCMFV  VI 

0  IZUrHENIJA  CVETA  OSADOCHNYKH  GORNYKH  POROD.* 

(M^fHODSLOGY^F  ^VeSrf£2tl SS°Vh4  (( 6l 0?  &?'si2?MlNTARY 

ROCK  TYPES  1 , 


ON  OF  THE  ICE  REGIMFN  OF  THE  SEA). 
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MICRON 


DANCHEV  VI 

CVET  OSADOCHNYKH  PQROD  KAK  OQIN  IZ  POKAZATELEJ  USLOV1  ) 

ikh  formirovan; ja.«  iruss.T 

VOPROSY  MINERALOGII  OSADOCHNYKH  OBRAZOVANIJ,  3/4,  51-72. 
LtVOV.  GOS.  UNIV.j  L,VOV  1956. 

i 9?8ns  8f  ^SSmatWn*v  rocks  as  an  'N0,CATnR  0F  THE 

D.JACHENKO  NG 

SKOROSTNOJ  FOTOELEKTRICHESKI J  SPEKTROMETP  OLJA  OBI  ASTI 
SPEKTRA  0.4-0. 9  M'KRON.«  (RUSS.) 

OPTIUA  I  SPEKTROSKOPI JA,  8,  3,  1960. 

(A  HIGH-SPEED  PHOTO  ELEC TR I  CAL  SPECTROMETER  FOR  THE 
0.4-0. 9  MICRON  SPECTRAL  REGION). 

"immi  *?NFRAKRaInYJS^EK^ROMETR  DCjSITOStP 
0. 8-3.0  M  t  KRON . ■  (KUSS.) 

OPTIKA  I  SPEKTROSKOPI JA.  3,  2,  1957. 

(A  HIGH-SPEED  INFRARED  SPECTROMETER  FfJR  THE  0. 8-3.0  MICRON 
REGION) . 

OMITKIEVSKIJ  00  NEPORENT  BS  NIKITIN  VA 

SKOROSTNAJA  SPEKTROMETRI J A . «  (RUSS.) 

USP.  FIZ.  NAUK,  64,  3,  1958. 

(HIGH-SPEED  SPECTROMETRY). 

FAAS  VA 

TEORIJA  OPREDELENIJA  GLUBIN  PO  OPTICHESKIK  PLOTNOSTJAM 
AEROSN IMKA  •»  (RUSS.) 

MANUSCR., 

(THEORY  OF  DEPTH  DETERMINATION  BY  MEANS  OF  THE  OPTICAL 
DENSITY  OF  AIR  PHOTOGRAPHS). 

OTRA^HENIE  SOLNECHNOJ  RADIACII  OT  VODNOJ  POVERKHNOSTI 
OZER.-  (RUSS.) 

TRUDY  LAB.  OZEROVEOENI JA,  3,  1954. 

(THE  REFLECTION  OF  SOLAR  RADIATION  FROM  THE  HATER 
SURFACE  OF  LAKES). 

GIRIN  OP  STEPANOV  BI 

SPEKTRY  OTRAZHEN I JA  OKRASHENNYKH  I  RASSE I VAJUSHCHI KH 
OB, ,EKTOV ,  II. ■  (RUSS.) 

ZHURN.  EKSP.  I  TEOR.  FIZtKI,  27,  4,  10,  467-476,  1954. 
(REFLECTION  SPECTRA  OF  COLORED  AND  SCATTERING  OBJECTS). 
•GOSPQDlNOy  GV 

DE SHI FRI RUVANI E  AERO SNI MKOV. «  (RUSS.) 

185  PP.,  IZD.  MOSKOV.  UNIV.,  MOSCUH  1961. 

(INTERPRETATION  OF  AERIAL  PHOTOGRAPHS). 

GRISHCHENKO  OL 

ZAVISIMOST.  AL.BEOO  MQRJA  OT  VYSOTY  SOLNCA  I 
VOLNENl JA  MORSKOJ  PO VERKKNOS TI .»  (RUSS.) 

TRUDY  GLAVNOJ  GEOFIZ.  OBSERV,,  80,  LENINGRAD  1959. 

(THE  DEPENDANCE  OF  THE  ALBEDO  OF  THE  SEA  ^tOM  THE  SUN.S 
ALVITUDE  ANO  THE  UNDUIAT'0N  OF  THE  SEA  SURFACE). 

GUREVICH  Mrt  KOLJADIN  K1 

SPEKTROVIZOR.*  (RUSS. I 
OPTIKA  I  SPEKTROSKOPI JA,  9,  2,  I960. 

(THE  SPECTRGVI SOR ) . 

*ILINA  A4 

SPEKTRY  POGLCSHCHEN . JA  I  OTP  AZHENI JA  LIST.EV 
RASTENI J  .*  (RUSS.) 

LHURN .  FIZ.  KHIM..  21,  2.  145-159.  1947. 

(ABSORPTION  AND  REFLECTION  SPECTRA  OF  PLANT  LEAVES). 
JANUTSH  DA 

K  VO  PRO  SU  OB  I SPOL,ZOVANI I  FOTOMETR ICHESK IKH 
SVQJSTV  AEROSN IMKQV  DLJA  OPREDELENIJA  GLUBIN 
MORSKIKH  ME  LKOVODI J  .  ■  (RUSS.) 

ZHURN.  NAUCHN.  i  PRIKL.  FUTOGR.  I  KINEM.,  2.  o, 

1957 

(ON  THE  QUESTION  OF  USING  PHOTOMETRIC  PROPERTIES 
OF  AIR  PHOTOGRAPHS  FOR  DETERMINING  THE  DEPTH  OF 
SHALLOH  SEA  HATER). 

•JANUTSH  QA 

FOTOMETRICHESKI J  METOD  OPREQElENI JA  GLUBIN 
MORSKIKH  Me  LKOVODI J .■  (RUSS.) 

TRUDY  LAB.  AEROMET.,  7,  184-196,  AKAD.  NAUK  SSSR, 
MQSCOH/LENINGRAD  1957. 

(THE  PHOTOMETRIC  METHOD  OF  DETERMINING  THE  OE PTH 
OF  SHALLOH  SEA  HATER) . 

•JANUTSH  DA 

I SPQL,ZQVANIE  SPEKTRO'.  IZOPA  PR  1  OPREDELENII  GLUB.N 
MORSKIKH  MElKO'  D I J . -  (RUSS.) 

IN  -tSPOL .ZQVANIt  AERQMETOOOy  PR  I  ISSLEDOVANII  P R i ROOMYKH 
RESURSOV-  (THE  APPLICATION  OE  AEROMETHODS  TO  THE 


OPRE^|(.^NI  JA  GLU8IN 


AKAD.  NAUK  SSSR, 


SPEKTRO',  IZOPA  PR  1  OPREDELENII  GLUB.N 


INVESTIGATION  OF  NATURAL  RESOURCES).  160-168,  LAB. 
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IN  -PRIMENENIE  AEROMETODOV  DLJA  I SSLEDOVAN1 J A  MORJA-, 

ED.  BY  ZOANOVICH  VG,  35B-406,  LAB.  AEROMET.  AKAD.  NAUK 
SSSR  *  MOSCOl.'/LfcN  INGRAD  1963. 

(DEPTH  DETERMINA  TION  BY  THE  PHOTOMETRIC  METHOD). 
JORDANSKIJ  AN 

SPEKTRQZONAL.NAJA  FOTQGRAFIJA,  1.  ZADACH1  I  PRINCIPY 
SPEKTRU ZONAL »NOJ  FOTOGRAFII.=  (RUSS.) 

ZHURN.  NAUCHN.  I  PRIKL.  FOTOGR.  I  K INEMATOGR • »  2.  1*  1957. 
(SPECTROZONAL  PHOTOGRAPHY,  1.  PROBLEMS  AND  PRINCIPLES 
OF  SPECTROZONAL  PHOTOGRAPHY). 

KALI  TIN  NN 

METOPIKA  IZMERENIJA  OTRAZHENIJA  I  PROPUSKANIJA 

SOLNECHNO J  LUCHISTQJ  ENERGII  LIST.JAMI  RASTENIJ.=  (RUSS. 
ZHURN.  RUSSK.  BQTAN.  OBSHCH.,  16.  1,  1931. 

(METHODS  OF  MEASURING  THE  REFLECTION  AND  TRANSMISSION 
OF  SOLAR  LIGHT  ENERGY  BY  PLANT  LEAVES). 

KALITIN  NN 

OB  I ZUCHENI I  SPEKTRAL.NOGO  AL.BEDO  VODNOJ  POVERKHNOSTI .* 
(RUSS.) 

METEOROLOGI JA  I  GI DROLOG I JA.  9,  1937. 

(RESEARCH  ON  THE  SPECTRAL  ALBEDO  OF  THE  WATER  SURFACE). 
KALITIN  NN 

SPEKTRAL, NYJ  ANALIZ  ZEMNOJ  POVERKHNOSTI  NA  JUZHNOM 
bEREGU  KRYMA .=  (RUSS.  ) 

VOPROSY  KURORTOLOGI ,  3/*,  76-81,  1938. 

(SPECTRAL  ANALYSIS  OF  THE  EARTH, S  SURFACE  ON  THE 
SOUTHERN  SHORE  OF  THE  KRIM). 

#KAL,KO  AG 

AERCFQTOS, ,EMKA  MORSKOGO  DN A . =  (RUSS.) 

IN  -AERQGEOLOGICHESKAJA  S..EMKA  MELKOVODNYKH 
ZON  KASPI JSKOGO  MOR JA-  ! AEROGEOLOGIC AL  SURVEY 
UF  THE  SHALLOW  ZONE  OF  THE  CASPIAN  SEA),  133-137, 

LAb.  AEROMET.,  AKAD.  NAUK  SSSR,  MOSCOW/ LENINGRAD  1958. 

(AIR  PHOTOGRAPHY  OF  THE  SEA  BOTTOM). 

KHAR  IN  NG 

SPEKTP.ALjNAJA  OTRAZHATEL, NAJA  SPOSOBNOST,  DREVESNYKH 
POROD  PO  TIPAM  LESA.*  (RUSS.) 

BSa.mkSHfi  LAB-  AER0MET”  AKA0‘  NAUK 

(THE  SPECTRAL  REFLECTANCE  OF  TREE  SPECIES  IN 
^  DIFFERENT  TYPES  OF  FOREST). 

•KHARIN  NG 

AEROMETODY  IZUCHENIJA  TIPOV  LESA.«  (RUSS.) 

TRUDY  LAB.  AEROMET.,  9,  276-281,  AKAD.  NAUK  SSSR, 
MOSCOW/LEN INGRAD  1960. 

UEROMETHODS  FOR  THE  INVESTIGATION  OF  FOREST  TYPES). 

KOL  »C0 V  VV 

OTCHET  PO  TEME  -METODY  I  APPARATURA  DLJA  IZUCHENIJA 

SPEKTRAL , NO J  JARKOSTI  NEBOL , SHIKH  OB,,EKTOV  S  SAMOLET  A- . 
(RUSS. ) 

MANUSCR.,  LAB.  AEROMET.  AKAD.  NAUK  SSSR,  LENINGRAD  1957. 
(REPORT  ON  METHODS  AND  INSTRUMENTS  FOR  THE  INVESTIGATION 
OF  SPECTRAL  BRIGHTNESS  OF  SMALL  OBJECTS  FROM  A  PLANE). 

* KOL, COV  VV 

SPCKTRO V I ZOR . =  (RUSS.) 

ZHURN.  -RADIO-,  6,  1958. 

(THE  SPECTROVISOR ) . 

KOL  ,t;ov  VV 

ELtKTRONNO-LUCHEVOJ  SPEKTROMETR  ( S PEKTROV IZOR ) . «  (R"SS.) 

IN  -RAOIOEL EKTRONNY  E  PRIBORY  V  NAROCNOM  KHOZJAJSTVE- 

C0R  THE  NATI0NAL  FC0'-f'WYi' 

(ELECTRONICAL  LIGHT  SPECTROMETER  (SPECTROVISOR)). 

* KOL, COV  VV 

PRIMENENIE  SPEKTROVIZORA  DLJA  IZUCHENIJA  SPEKTRAL, NCJ 
OTRAZHATEL  ,N0J  SPOSOBNOSTI  NEBOL, SHIKH  NAZEMNYKH 
OB, , £ K T 0 V  S  sAMOLETA.-  (RUSS.) 

TRUDY  LAB.  AEROMET.,  7,  58-69,  AKAD.  NAUK  SSSR, 
MOSCOW/LENINGRAU  19S9. 

(THE  APPLICATION  OF  THE  SPECTROylSOR  TO  THE  INVESTIGATION 
OF  THE  SPECTRAL  REFLECTANCE  OF  SMALL  OBJECTS  FROM  AN 
AIRCRAFT). 


TL.COV  VV 

SPEKTROVIZOR.-  (RUSS.) 

IN  -  IUSHCHIE  KONSTRUKCII  14  I  15  VYSTAVOK  TVGRCHESTVA 
RADIOL  J'JBI  TE  LEJ  -  ,  MOSCOW  1959. 

(THE  SPECTROVISORI . 

kol.cqv  VV 

SySTRODEJSTVUJUSMCHI I  SPEKTROMETR  S  RAZVERTKOJ  SPEKTRA 
PRI  ROMOSHCHI  VRASHCHAJUSHCHEGOSJA  DISKA  SO 
SPIRAL, NYM  VYREZOM  V  KACHESTVE  VYKHC^NOJ  SHCHELI.* 
(RUSS,) 

OPTIKA  1  SP6KTROSKOPI JA,  8,  1960, 

,A  HIGH- SENSITIVITY  SPECTROMETER  WITH  SPECTRAL  SCANNING 
BY  MEANS  OF  A  ROTATING  6 1 SK  WITH  A  SPIRAL  APERTURE). 
KOL, COV  VV 


VYKHC'NOJ  SHCHELI 


J4NUDA630GF  13 
JANUDA630GF  23 
JANUDA630GF-33 
JANUDA630GF-14 
JOROAN57SFZ-1 1 
J0RDAN57SFZ  12 
J0RDAN57SEZ-22 
JORDAN57SFZ- I  3 
J0RDAN57':FZ  14 
JOROAN57SFZ-24 
KALINN31IOP-11 
KALINN31 TOP  12 
1KALINN31IOP-22 
KAL INN31 IQP-13 
KALINN31IOP  14 
KAL INN31 JOP-2m 
K ALINN37I SA-1 1 
KALI NN37 I SA  12 
KAL I NN37I SA-22 
KAI.  I NN37  I  SA- 13 
KALINN37I SA-14 
KAL I NN33SAZ-1 1 
KALI NM38SAZ  12 
KALI NN33S AZ-22 
KALINN38SAZ-) 3 
KALINN38SAZ  14 
KALINN38SAZ-24 
KALKAG58AMD- 1 1 
KALKAG58AMD-12 
KALKAG58AMD  13 
K ALK AG58AMD  23 
KALKAG58 AMD  33 
KALKAG5BAMD-43 
KALK4G58AMD-14 
KHAPNG57SDP-11 
KHARNG57SDP  12 
KHARNG57SDP-22 
KHARNG57SDP  13 
KHARNG57SCP-23 
KHARNG57SDP  14 
KHARNG57SDP-24 
KHARNG60AI T- 1 1 
KHARNG60A I T- 1 2 
KHARNG60AIT  13 
KHARNG60A1 T-23 
KHARNG60AIT-14 
KOLCVV5 70MA-11 
KOLC VV570MA  12 
•KOLC VV570MA  22 
K0LCW570MA-32 
K0LCVV570MA-13 
KOLC V V570MA  14 
K0LCVV570MA-Z4 
KOLC VV58SV I-  1 1 
KOLCVV58SVI-12 
KOLC  VV58SV  I  -  J 
K0LCVV58SVI-14 
KOLC VV59ELS- 1 1 
KOLC VV59E  LS- 1  2 
KOLC VV59ELS  13 
K0LCVV59ELS  23 
KOLC VV59ELS-33 
KOLC VV  59E  LS- 1 4 
KOI  C  V  V59PS  I  -  1 1 
KOLC VV590  S I  12 
KOLC VV59PS j  22 
K  OIC VV59P  S I  -32 
KOLCVV59PSI  13 
KOLC  VV59P  S I -2  3 
KOLC VV59PS  I  14 
KOLCVV59PSI  24 
K0LCVV59PSI-3A 
KOLC VV59SV  I  -  1  1 
K0LCVV59S VI-12 
KOLC VV59SV  1  13 
KOLC V V59SV 1-23 
K0LCVV59SVI-14 
KOLC VV60BSR-  1 1 
KOLC VV60BSR  !  2 
KOLC VV60BSR  22 
KOLCVV60BSR  32 
KOlC  /V60BSR-42 
K  OLC  VV  60BSR-  1  3 
KOLC VV60BSR  14 
K0LCVV60BSR-24 
KOLC  VV60KS J-  1 1 
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IZMERENIE  KOEFFICIENTOV  SPEKTRAL, NOJ  JARKOSTI  VO 
VNFLABORATORNVKH  USLOVIJAKH.*  (RUSS.) 

SVETOTEKHNIKA,  12,  8-12,  1960. 

(THE  MEASUREMENT  OF  SPECTRAL  BRIGHTNESS  COEFFICIENTS 
UNDER  OUTDOOR  CONDITIONS). 

(JRA  DLJA  SPEKTROFOTOMETRICHESKIKH 
1 SSLEDOVAN I J  S  VOZDUKHA.=  (RUSS.) 

IN  -PRIMENENIE  AEROMETODOV  OLJA  I SSLEDOVANI J A  MORJA-, 

ED.  BY  ZDANOVICH  VG.  464-515,  LAB.  AEROMET.  AKAD.  NAUK 
SSSR,  MO SCOW /LENINGRAD  1963. 

i  INSTRUMENTATION  FOR  SP 6CTR0PH0T0METR I C  RESEARCH  FROM 
THE  AIR). 

*KOL,CGV  VV 

SPEKTROMETRICHESKAJA  AEROS , , 6MKA  S  PRIMENEN1EM 
VYCHISLITEL,NOGO  USTRO JBTVA . *  (RUSS.) 

IN  -TEORIJA  I  PR4KTIKA  DESH I FR I ROVANI JA  AEROSN I MKOV- 
(THEORY  AND  PRACTICE  UF  AIR  PHOTO  INTERPRETATION),  55-60, 
LAB.  AEROMET.,  AKAD.  NAUK  SSSR,  IZD.  NAUKA, 
MOSCOW/LENINGRAD  1966. 

( SPECTROMETRIC  AIR  PHOTOGRAPHY  WITH  THE  EMPLOYMENT 
UF  A  COMPUTING  DEVICE). 

•KOSHECHKlN  9 i  JAROSLAVSKAJA  NN 

SPEKTRAL ,NAJA  OTRAZHATEL.NAJA  SPOSOBNOST,  OSNOVNYKH 
TIPOV  SOVREMENNYKH  OTLOZHENIJ  POOVODNOGO  SKLONA 
CHERNOGO  MORJA  U  BEREGGV  SEVERO-ZAPADNOGO  KAVKAZA.* 
(RUSS.) 

IN  -I SPOL , ZO VAN  I E  AEROMETOCOV  PR  I  ISSLEDOVANII 
PRIRODNYKH  RESURSOV-  (THE  APPLICATION  OF  AEROMETHODS 
TO  THE  INVESTIGATION  OF  NATURAL  RESOURCES),  184-189,  LAB. 
AEROMET.,  AKAD.  NAUK  SSSR,  MOSCOW/LENINGRAD  1961. 

(THE  SPECTRAL  REFLECTANCE  OF  THE  PRINCIPAL  TYPES  OF 
KECENT  SEDIMENTS  ON  THE  UNDERWATER  SLOPE  OF  THE  BLACK 
SEa  ON  THE  COA  CT  OF  THE  NORTHWEST  CAUCASUS). 

KOZLOVA  It  I 

SPcKTROFOTOMETRI JA  RASTENIJ  RAZNYKK  KL IMAT ICHESK I KH 
ZON  V  OTR42HENNYKH  LUCHAKH.-  (RUSS.) 

AKAD.  NAUK  KAZ  ,  SSR,  ALMA-ATA  1955. 

(SPECTROPHOTOMETRY  OF  THE  LIGHT  REFLECTED  FROM 
PLANTS  OF  DIFFERENT  CLIMATIC  ZONES). 

KOZLJ ANINOV  MV  SEMENCHENKO  IV 

OB  IZMERENI I  S  SAMOLETA  SOBSTYENNOJ  JARKOSTI  MORJA. = 

(RUSS. ) 

TRUDY  INST.  OKEAN.  AKAD.  NAUK  SSSR,  55,  1962. 

(ON  THE  MEASUREMENT  OF  THE  INHERENT  BRIGHTNESS  OF  THE 
SEA  FROM  THE  PLANE). 

KRASIL  .SHCHIKOV  LB  GOLIKOVA  ON  NOVOSEL.CEV  EP 

FOTOELEKTRICHESKIE  IZMERcNlJA  SPEKTRAL , NYKH 

OTNOSITEL.NYKH  KOEFFICIENTOV  JARKOSTI. =  (RUSS.) 

TRUDY  GLAVNOJ  G60FIZ.  OBSERV.,  68,  152-163,  LENINGRAD  1958 
(THE  PHOTQELECTRICAL  MEASUREMENT  OF  RELATIVE 
COEFFICIENTS  OF  SPECTRAL  BRIGHTNESS). 

KRASIL, SHCHIKOV  LB  P JA Y KO VSK AJA  NP 

SPEKTRAL, NYF  I NU I K A  TR I C Y  OTP  aZHEN I JA  NEK  0T  OR YKH 
POVERKHNOSTEJ  PRI  ESTESTVENNOM  OSVESHCHENII  V 
UBLACHNYJ  DEN . =  (RUSS.) 

TRUDY  GLAVNOJ  GEOFIZ.  OBSERV.,  63,  132-139, 

LENINGRAD  1958, 

(SPECTRAL  REFLECTION  T -ni r A TR I C E S  OF  SOME  COVER  TYPES 
UNDER  NATURAL  ILLUMINATION  ON  A  CLOUDv  DAY). 

KRINOV  EL 


KRtNGV  EL 

SPEKTRAL ,NAJA  OTRAZHATEL.NAJA  SPOSOBNOST,  NEKOTORYKH 
ZEMNYKH  QBRAZOVANI J .-  I  RUSS . T 
SBORNIK  STATE J  PO  AEROFU TOME Tk I  I ,  2  ( - I  S S L EDO VAN  I JA 
OTRAZHATcl ,  NO  J  SPOSOBNOST!-,  INVESTIGATIONS  ON  SPECTRAL 
REFLECTANCE),  ED.  BY  TlKHOV  GA. ,  GOS.  NAUCHNO- TEKHN. 
GORNO-GEOL.  IZD.,  MOSCOW  1934. 

(THE  SPECTRAL  REFLECTANCE  OF  SOME  SURFACE  FORMATIONS). 
KRINUV  EL 

ZAV ! S lMC  ST ,  SPEKTRAL.NOGO  K0EFFICIENT4  JARKOSTI 
PRIRODNYKH  0 B - , E K TO V  CT  N APR A VL EN I j4 . =  IRUSS.I 

(THE  OF  PEND ANCE  0  F  THE  SPECTRAL  COEFFICIENTS  OF 
BRIGHTNESS  0*  NATURAL  OBJECTS  ON  THE  DIRECTION). 

* KRINOV  EL 

SPEKTRAL ,NAJA  OTRAZHATEL.NAJA  SPOSOBNOST,  PRIRODNYKH 
U  BR  AZOV  I  J  .  *■  (RUSS.) 

271  PP.,  LAB.  AEROMET.,  AKAD.  NAUK  SSSR,  MOSCOW/ 1.  EN I NC 7  AD 
1947. 

(SPEC'RAL  REFLECTANCE  OF  NATURAL  FORMATIONS). 

•KRINUV  EL 

SPECTR/L  REFLECTANCE  PROPERTIES  OF  NATURAL  FORMATIONS.* 
TRANSLATION  OF  -  S  P  EC  TR  A  L ,  N'  J  A  0TR  A  Z  H  A  T  E  l ,  NA  J  A 
SPOSOBNOST,  PRIRODNYKH  QBRAZOVANIJ-  By  BELKOV  G, 

NATIONAL  RESEARCH  COUNCIL  OF  CANADA  'ECHN.  TKANSL. 

TT-439 ,  268  PP.,  OTTAWA  1953. 


KOLC VV60KSJ  12 
K0LCVV60KS J-22 
KOLC VV60KS J- 1 3 
KOLC VV60KSJ  14 
KOLCVV60K5J-24 

KOLC VV63 AS  I  -22 
K0LCVV63ASI  13 
KOI CVV63ASI  23 
K0LCVV63ASI-33 
KOLC  V V63 AS  I  14 
K0LCVV63A5I-24 
KCLCVV66SAP-li 
KOLC VV  66SAP  12 
KOLC VV66SAP-22 
KOLC VV66SAP  13 
KOLC VV66SAP  23 
KOLC W66SAP  33 
K0LCVV66SAP-43 
KOLC  VV66S AP  14 
KOLC VV66SAP-24 
KOSHBI 61 STS-1 1 
KOSHB I61STS  12 
KOSHBI 6 1STS  22 
KOSHB 16 1  STS  32 
KOSHBI 6 l ST S-4 2 
KOSHB 16 1  STS  13 
KOSHBI 61STS  23 
KOSHB 1 6 1  STS  33 
KOSHB!  61S  rS-*»3 
KOSHB I61STS  14 
KOSHBI 61  STS  24 
KOSHB I61STS-34 
KDZLKI 55SRK-1 1 
KOZLK  I  55SRK  12 
KCZLKI 55SRK-22 
KOZLKI55SRK— 13 
KOZLKI 55SRK  14 
KOZLK I55SRK-24 
K0ZLMV62I SJ-1 1 
K0ZLMV62ISJ  ’2 
K0ZLMV621 SJ-22 
KDZLMV62ISJ-13 
K0ZLMV62 I S J  14 
KCZLMV62 I S J-24 
KRASLB58FIS-11 
KRASLB58FIS  12 
KRASLB58F I S-22 
.KRASL658FIS-13 
KRASLB58FIS  14 
KRASl  B58FIS-24 
KR4SLB58SI0-11 
•sR,  SLB58SI0  12 
KRASLB5BSI0  22 
KRASLB58SI0-32 
KRASL858SI0  13 
KRASL B59SI0-23 
KRASLB58S I  0  14 
KRASL B58  S 1U-24 
KR  I  Nt L34SP0-1 1 
KR  NEL34SP0  12 
KSINtL34SP0-22 
KR I NE  L34SP0  13 
KRINEL34SP0  23 
KRINEL34SP0  33 
KRINEL34SP0-43 
KRINEl34SP0-14 
KRINEL35ZSK-1 l 
KRINFL35ZSK  12 
KRINEL35ZSK-22 
KRINEL35ZSK-13 
KRINEL35ZSK  14 
KP.  INE  L35ZSK-24 
KRINEL47 SOS-l  1 
KRINEL47S0S  12 
KR I NEL47S0S-22 
KR  NEL47SQS  13 
,-R 1 NEL47  SOS-2  3 
KR1NEL47S0S-14 
KRIN6L53SRP-1  1 
KR'NEL53SRP-12 
KRINEL53SRP  13 
KR I NF  L5 3 SRP  23 
KRINEL53SRP  33 
KR INE  L53SRP-43 
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NAUK  SSSR,  LENINGRA0  1955. 
THEORY  OF  SPECIAL  TYPE  AIR 


♦KULEBAKIN  VS 

ZUR  BERECHNUNG  DER  AUSSENBELEUCHTUNG.* 

LICHTTECHNIK,  6.  6.  57-60,  1929. 

♦KULEBAKIN  VS 

UEBER  DIE  L ICHTREFLEX ION  VON  DEN  ERDDECKEN.- 
LICHTTECHNIK,  7,  3,  25-29,  1930. 

KULEBAKtN  VS 

06  OTRAZHENI I  SVETA  OT  NEKOTORYKH  ZEMNYKH  POKROVOV.* 

foNDTHE°^EFLE^TfONLSFTL?J^HF5oMN15ME  ^ ? ft r! f S 6£ 0 VER  TYPES) 
LJ„LIKOV  KS  SMIRNOV  SJ  JURKOVSKiJ  OA 

NOMQKQNQV A  VF  BELONOGOVA  IN  KOL.COV  VV 

RAZRABOTKA  TEORII  SPECIAL, NYKH  VIDOV 
AEROFOTOGRAFIROVANI JA.«  (RUSS., 

LAB.  AEROMET.  AKAD.  NAUK  SSSR,  LENINGRAD  1955. 

(DEVELOPMENT  OF  THE  THEORY  OF  SPECIAL  TYPE  AIR 
PHOTOGRAPH/ 1. 

LJALlKOV  KS  SAVGST , JANOVA  MV 

OPREDELENIE  SPEKTRALjNOGO  KHOOA  DIFFUSNOGO  OTRAZHENIJA 
PRIRODNYKH  OB,,eKTOV  PRI  POMOSHCHI  VIZUAL.NuGO 
UPROJHCHENNOGO  SPEKTRQFOTQMETRI JA.-  (RUSS.) 

IN  -PRIMENENIE  MEtOOOV  SPEKTROSKOPII  V  PROM YSHLENNOST I 
PROOOVOL , STVENNYKH  TO VAROV  I  SEL.SKOM  KHOZJAJSTVE- 
( THE  APPLICATION  OF  THE  METHODS  OF  SPECTROSCOPY  IN  FOOD 
INDUSTRY  AND  AGRICULTURE),  LENINGRAD  1957. 

(THE  DETERMINATION  OF  THE  DIFFUSE  SPECTRAL  REFLECTANCE 
OF  NATURAL  OBJECTS  BY  MEANS  CF  SIMPLIFIED  VISUAL 
SPECTROPHOTOMETRY). 

LJALlKOV  KS  BELONOGOVA  IN  MELESHKO  KE 

SEMENCHENKO  IV  KHARCHENKO  AP 

NOVAJA  APPARATUS  I  METDDIKA  DL.tA  IZUCHENIJA  SPEKTROV 
ZEMNOJ  POVERKHNOSTI .«  (RUSS.) 

(ZV.  AKAO.  NAUK  SSSR.  SERIJA  FIZ.,  23,  10, 

MOSCOW/LENINGRAD  1958, 

(A  NEW  INSTRUMENT  AND  METHOD  FOR  THE  INVESTIGATION  OF 
„  SPECTRA  OF  the  EARTH, S  SURFACE). 

*  LJALJKOY  KS  BELONOGOVA  IN 

I SSLEDOVAN IE  SPEKTRaL ,N0 J  OTRAZHATEL.NOJ  SPOSOBNOSTI 
08, ,EKTOV  PUSTYNNOGO  RAJONA . *  (RUSS.) 

TRUDY  LAB.  AFROMET.,  9,  302-311,  AKAD.  NAUK  SSSR, 
MOSCOW/LENINGRAD  I960. 

(RESEAkCh  ON  THE  SFECTRAL  REFLECTANCE  OF  OBJECTS  IN 


KULEVS29BAB-11 
KULEVS29BAB-12 
KULEVS29BAB-13 
KULEVS30LRE-11 
KULEVS30LRE-12 
KULCVS30LRE-13 
KULEVS260SZ-' 1 
KULEVS260SZ  2 
KULEVS260SZ-2' 


MELESHKO  KE 


THE  DESERT  REGION). 

♦LJALlKOV  KS  BELONOGOVA  IN 

OPYT  CVETOVOJ  KHARAKTFRISTIKI  08..EKT0V  PUSiYNNOGO 
RAJONA. «  (RUSS.) 

TRUDY  LAB.  AEROMET • ,  9,  312-319,  AKAO.  NAUK  SSSR, 

MO SCOrt/ LENINGRAD  i960. 

(AN  ATTEMPT  AT  CHARACTERIZING  OEJECTS  OF  THE  DESERT 
REGION  BY  THEIR  COLOR). 

MARKOV  AV 

SPEK  TRO  FOTOMcTRICHESKIc  1  SS  I.EOOV  AN  I  J  A  I  IKH 

PRINENENIE  K  ULUCHSHENIJU  REZUL.TATOV  Ac ROS , »  EMK I 
I  AERDNABL JUOtNI JA. *  (RUSS. I 
TRUDY  GOS.  NAUCHNO-I  SSL.  INS’,.  GEOO.  I  KARTOFF: 

liPEC?idPHO ,'CMETRIC  RESEARCH  AND  ITS  USE  FOR  THE 
IMPROVEMENT  OF  RESULTS  OBTAINEO  BY  AIR  PHOTOGRAPHY 
AND  OBSERVATIONS  FROM  THE  AIR). 

MIRONOVA  ZF  C.JACHKOVA  TV 

SFEKTROFUTOMETRICHESKI J  METOO  IZHERENIJA  AL.BEDu 

ESTESTVENNYKH  POOSTI LAJUSHCHIKH  POVERKHNOSTE  J  .  =-  IRUSS.) 
VESTN.  LENINGRAD.  GOS.  UNlV.,  21,  4,  89-92, 

LENINGRAD  1957. 

(THE  SPECTROPHOTOMETRIC  METHOO  OF  MEASURING  THE  ALBEDO  OF 
NATURAL  UNDERLYING  SURFACES). 

ORLOVA  NS 

OPREOELENIE  KQEFF IC IENTOV  PPIPODNYKH 

POKROVOV  V  ESTESTVENNYKH  USLOVlJAKH  PRI  RAZLICHNYKH 
UGLAKH  PADENIJA  I  OTRAZHENIJA.-  (R’JSS.) 

IZV.  AKAO.  NAUK  KAZ.  SSR,  SERIJA  ASTROBOTAN.,  1/2,  90, 
ALMA-ATA  1950. 

(The  determination  of  reflection  coefficients  of 
natural  Cover  types  under  natural  conditions  for 

DIFFERENT  ANGLES  OF  INCIDENCE  AN'  :  EMISSION). 

ORLOVA  MS 

TEURIJA  I  PRAKTIKA  I  SSLEDOVAN?,.  A  OT-'AZH'  TEL,  NO  J 
SPOSOBNOSTI  PRI  POMOSHCHI  In6iKAT0NET  A.»  (RUSS.) 

UCH.  ZAP.  LENINGRAD.  GOS.  UNIV.,  SERljA  MATEMAT.  NAUK, 

34,  273,  144-168,  LENINGRAD  175B. 

REFLECTiNCE  research  8y  means 

OSIPOVA  VH 

REGISTRIRUJUSHCHI J  SPEKTROFOTOMETR  SF-2.*  (RUSS.) 

IZV.  AKAO.  NAUK  SSSR,  SERIJA  FIZ.,  19,  1, 


L JALKS55TSV-13 
LJALKS55TSV  14 
LJALKS55TSV-24 
L  J ALKS5705K- 1 1 
LJALKS570SK  12 
L JALKS570SK  22 
LJALKS570SK-32 
LJALKS570SK  13 
LJALKS570SK  23 
LJALKS570SK  33 
L JALKS570SK-43 
L JALKS570SK  14 
LJALKS570SK  24 
I.JALKS570SK-34 
LJALKS58NAM  11 
LJALKS58NAM-21 
LJALKS50NAM  12 
LJALKS58NAM-22 
l JALKS58NAM  13 
LJALKS50NAM-23 
L JALK  S58NAM  14 
LJALKS58NAM-24 
LJALKS60I0P-11 
L JALKS60I0P  12 
L JAlKS6010P-2? 
LJALKS60I0P  13 
LJALKS60I0P-23 
L JALKS60I0P  14 
LJALKS60I0P-24 
LJALKS600VK-11 
L JALKS600VK  12 
LJALKS600VK-22 
I.JALK  S600VK  13 
LJALKS6O0VL-23 
LJALKS600VX  14 
LJALKSfcOOVK-24 
MARK A V3 1 S i P- 1 , 
M ARK  AV  3 1 1 IP  12 
MARK AV3  j  SIP  22 
MARKAV31SIP-32 
MARKAV31SIP  13 
MARKAV31SIP-23 
MARKAV31SIP  14 
H4RKAV31SIF-  24 
MARKAV 3 1 S I p- 34 
HI ROZF57SMA- 1 1 
MIROZF57SMA  12 
M1ROZF57SMA-22 
MIROZF57SMA  13 
MIR0ZF57SMA-23 
MIROZF57SMA  14 
MIR0ZF57S  MA-24 
ORLONS53KPP- 1 1 
0RL0MS50KPP  12 
ORION  S50KF  F  22 
0RL0NS5GKPF  3? 
ORLON  S50KPP  .3 
0RLnN360KPP-23 
0RLCNS50KPP  14 
ORLONS50KPP  24 
0RLDNS50KPP-34 
0RL0NS58TP1-1 1 
0RLUNS58TFI  12 
0PL0NS58T9  “22 
ORLON S58T  ’  i  13 
ORLONS58TFI-23 

0SIPVN55RSS  13 
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MOSCOW /LENINGRAD  IS  5. 

(THE  RECORDING  SPECTROPHOTOMETER  Sr  2».- 
OSTJAKOV  HP 

SPEKTRAL ,NAJA  OTR.ZKA lEL , NAJ A  SP2  S08NOST,  RASTEN1J.« 
(RUSS.) 

VESTN.  AXAQ.  NAUR  KAZ .  SS-  .  5.  *0,  ALMA-ATA  194-. 

(THE  SPPC.AAL  REFLECT, \n£E  OF  PLANTS). 

OS IROVSKlJ  HA 

I SSLEPOVANIE  rTRAZHi.ll  SHCHIKH  SVOJSTV  ASFAL.TOVYKH 
POKRYTIJ,-  (RUSa.l 
SVETOTEKHNlKA,  1.  ti-l*.  1956. 

(INVESTIGATION  OF  •n-L  REFLECTING  PROPERTIES  OF  ASPHALT 

CVS  TA  POCHV.-  (R-JSS.) 

^(ON^THjpNfiSuiEN^Nl  OF^SOIL  COLOR). 

*PRi?uchInie  RASTITEL.NCSTI  PUVEM  AEROFOTOGRAFIROVANI.'A 
V  RAZNYKH  ZONAKH  SPEK7RA.- 
TkurtY  LAB.  AERO, SET.,  1,  63-91,  AKAD.  NAUK  SSSR, 

MO SCOW /LENIN GRAD  19<V. 

(VEGETATION  RESEARCH  BY  MEANS  OF  AIR  PHOTOGRAPHY 
IN  DIFFERENT  SPECTRAL  ZONES). 

PUCE.'KC  ER 

PR.cMY  QPTICHESKOJ  DEMASK I ROVK J .  S:  :<7RAL,N0E  I 
FAKT'iRNOE  IZUCKENIS  FONOV.*  IRU-5.) 

IN  -CI'TIka  V  V06NN0H  DELE-  (OPTICS  IN  MILITARY  AFFAIRS), 
EO.  8Y  VAVILOV  S!  AND  SAVOST, JANOVA  MF,  1,  IZD.  AKAD. 

NAUK  SSSR,  MOSCOW  1945. 

(HETHODS  OF  OPTICAL  CAMOUFLAGE  DETECTION.  SPECTRAL 
AND  TEXTURAL  INVESTIGATION  OF  THE  TERRAIN). 

RABINOVICH  J( 

SAMOLETNAJA  APPARATURA  OLJA  I ZMERENI JA  SPEKTRAL ,NYKH 
CPTICHESKIKH  KHARAKTERISTIK  ATMOSFERY  I 
PODSTILAJUSHCHEJ  PC  VEP.KHNOS  TI  . «  (RUSS.) 

TRUDY  GLAVNOJ  GEFFIZ.  OBSERV.,  100,  LENINGRAD  1960. 

(AN  AIRBORNE  INSTRUMENT  FOP.  THE  MEASUREMENT  OF  THE 
^P|CTRa^0PTI^Aj|^HARA^TER1  STICS  OF  TH?  ATMOSPHERE  AND 

#RA^^?51§p{LNM^p  DLJA  IZyCHENIJA  SPEKTRAL, NYKH 
JARKOSTEJ  ELEMENTOV  lANOSHAFTA.-  (RUSS.) 

?ANDIi^ALISpic?ROM?rift5FOR,THf  INvlftl&ATION  OF 
THE  SPECTRAL  BRIGHTNESS  Or  LANDSCAPE  ELEMENTS). 

ROMANOVA  MA 

REZUL ,TATY  OPYTNOJ  AEROPCTROGRAFICHESKOJ  S,,EMKI 
SOVREMENNYKH  PESKOV  S'VERO-Z APADNOGO  PRIKASPIJA.= 
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SEZONNYE  IZMENENIJA  NEKOTORYKH  OTRAZHATEL , NYKH  SVOJSTV 
RASTENIJ  I  VOPROS  0  RASTI TEL.NOST J  NA  MARSE . *  (RUSS.) 
IZD.  AKAD.  NAUK  KAZ.  SSR.  ALMA-ATA  1951. 

(SEASONAL  CHANGES  OF  SOME  SPECTRAL  PROPERTIES  OF  PLANTS 
AND  THE  QUESTION  OF  PLANT  LIFE  ON  MARS). 

♦TOLCHEl.NIKOV  JS 

08  OTRAZHATEL, NOJ  SPOSOBNOSTI  OSNOVNYKH  TIPOV  POCMV.* 
(RUSS.) 

TRUDY  LAB.  AEROMET.,  7,  302^306.  AKAD.  NAUK  SSSR, 
MOSCOW/LENINGRAD  1959. 

(THE  SPECTRAL  REFLECTANCE  OF  SOME  SOIL  TYPES). 
nOLCHEL.NIKOV  JS 

PRIRODNYE  FAKTORY,  V.I JAJUSHCHIE  NA  TON  IZOBRAZHENI JA 

(RUSS 

M(T‘" - — .  l’ 


(NATURAL  FACTORS  GOVERNING  THE  AIR  PHOTO  TONE  OF  SOILS 
OF  PLOWED  AREAS). 


TW?L{?»5a  RASPREOELENIJA  ENERGII  SVETOVOGO 

POTOKA,  OTRAZHAEMOGO  POCHVENNYM  POKROVOM.=  (RUSS.) 
DOKL.  INST.  GEOGR.  SIBIR!  I  DAL.NEGO  VOSTOKA,  10,  36-39, 
IRKUTSK  1965. 

(AN  INVESTIGATION  ON  THE  DISTRIBUTION  OF  LIGHT  REFLECTED 
FROM  THE  SURFACE  OF  SOILS). 

*TOL  ' 


LCHEL.NIKQV  JS 

OPREDELENIE  SOOERZHANIJA  GUMUSA  V  POCHVAKH  PO 

IZOBRAZHENI JU  PASHIN  NA  MATERIALAKH  AEROFOTOS , ,EMK I . » 
(RUSS.  ) 

EKSPRESS- INFQRMAC I JA,  GEOGRAFIJA,  GEOLOGI JA,  G IDROLOGI J A, 
I  POCHVY  RAJQNOV  SEL .SKOKHOZ JAJSTVENNOJ  MELIORACII  I 
VODOSNABZHENIJA,  SER.Io,  4,  1-13,  MINISTERSTVO  MELIORACII 
I  VODNOGO  KHOZ JAJSTVA  SSSRj  GICROVODKHOZ ,  MOSCOW  1965. 
- - -  "  -  -  —  SOILS  BASED  ON  THE 


1  VUUWJUU  JH  I  V«  K9  i  u*u  vuurvnu* 

lSHlWHMiSfcTlli 

ILCHtL ,N 1K0V  JS 


•TOLCHfc 

DESH1FRIROVAN1E  PO  AE805NIMKAM  POCHV  SEVERNOGO 

KAZAKHSTANA  ( LE SOSTEPNAJA ,  STEPNAJA  I  SUKHOSTEPNAJA 
ZONY  ) . *  (RUSS.) 

120  PP.,  31  PP.  APPENDIX  WITH  PHOTOS, 

LAB.  AEROMET.,  AKAD.  NAUK  SSSR,  IZD.  -NAUKA-,  MOSCOW  / 
LENINGRAD  1966. 

(PHOTO  INTERPRETATION  OF  SOILS  IN  NORTHERN  KAZAKHSTAN 
(FOREST  STEPPE,  STEPPE  AND  DRY  STEPPE  ZONES)). 

TOPOREC  AS 

PRISPOSOBLENIE  K  SPEK TROFOTOMETRU  SF-4  S 

INTEGRIRUJUSHCHlM  SHAROM  DL JA  IZMERENIJA  KOEFF I  Cl ENTOV 
- 1G0  OTP AZHEN I J A  I  CROPUSKANI JA.«  (RUSS.) 


01 FFUZNOC 


•VINQGRAOOVA  AI 


INOt _ _ 

IZUCHENIE  RASTITEL.NOSTI  I  POCHV  S  POMOSHCH.JU 

AiRQFOTOGRAFIROVANIJA  V  RAZLICHNYKH  ZONAKH  SPEKTRA,* 
(RUSS. ) 

GEOGR.  SBQRNIK ,  7,  59-74,  IZD.  AKAD.  NAUK  SSSR, 

MOSCOW /LENINGRAD  1955. 

(INVESTIGATING  VEoETATlC 


(Oh  AND  SOUS  BY  MEANS  OF 


T1KHGA34SSB-13 
TIKHGA34SSB  14 
T IKHGA34SSB-24 
TIKHGA47SAR-11 
TIKHGA47SAR-12 
T  KHGA47SAR-13 
T  KHGA47SAR-14 
T  KHGA48SAZ-11 
T  KHGA48SAZ-12 
T  KHG A48SAZ  13 
T  KHGA48SAZ-23 
TIKHGA48SAZ-14 
T I KHG A 49 A BO- 1 1 
TIKHGA49AB0-12 
T IKHGA49AB0-13 
TIKHGA49AB0-14 
TIKHGA50VFF-11 
T  KHGA50VFF-12 
T  KHGA50VFF-13 
T  KHGA50VFF-14 
T  KHGA5 1RRN-1 1 
KHGA51RRN  12 
T  KHGA51RRN-22 
TIKHGA51RRN-13 
TIKHGA51RRN  14 
TIKHGA51RRN-24 
T 1 KHVS5 IS  I R-l 1 
TIKHVS51SIR  12 
T I KHVS5 IS  I R-22 
TIKHVS51S1R-13 
T1KHVS51SIR  14 
TIKHVS51SIR-24 
TOLC JS590TP-1 1 
T0LCJS590TP  12 
TOLC  JS590TP-22 
T0LCJS590TP  13 
TOLC JS590TP-23 

T0LCJS60PFT  12 

JStEipfT-fi 

T0LCJS60PFT-23 

tolCjIaUr^’ 

T0LCJS65IRE  22 
TOLC JS651 R  E  13 
TCLCJS65JRE -23 
T0LCJS651RE  14 
T0LCJS65IRE-24 
TOLC JS650SG-1 1 
T0LCJS650SG  12 
TOLC JS650SG  22 
T0LCJS650SG-32 
TOLC JS650SG  13 

mami  w 

TOLC JS650SG-43 

TT8LLffiP-l44 

TOLC 660 AP-1 1 
T0LCJS66DAP  12 
TOLC JS66DAP  ?2 
TOLCJ5i6DAp-32 
TO'.C  JS66DAP  13 
TOtC J S66DAP  23 
T0LCJS660AP-33 
566DAPJ4 

T0P0AS61PSS-1 1 
T0P0AS61PSS  12 
T0P0AS61PSS  22 
T0P0AS61PSS-32 
T0P0AS61PSS-13 
T0P0AS61PSS  14 


mm* 


660AP- 


RP- 

RP 


13 


55  RP-23 
55IRP  14 
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^  AIR  PHOTOGRAPHY  IN  VARIOUS  SPECTRAL  ZONES). 
♦VINOGRADOVA  AI 

PERSPIKTIW  AERCFOTOGRAFIROVANIJA  NA  PLENKI  TIPA 


V INOA! 551 RP-24 


4,  156-159 1  AKAD.  NAUK  SSSR, 
OGRAPHY  ON  ORTHOCHROHAT1C  FILM). 
NEKOTQ^YE  VOZMOZHNOjTI  PRIMENENIJA  REGI STRI RUJUSHCHEGO 

?«SWT  . .  . 


VINOGRADOV  BV  JANUTSH  OA 

NEKO TORYE  VOZMOZHNOSTI  PRIME _  _ _ 

MJKRQFQTOMETRA  °RI  DESHI FR IROVANI I  AEROFOTOSNIMKOV .* 


ZHURN.  NAUCHN.  I  PRIKL.  FOTOGR .  I  K INEMATOGR. .  2»  2,  1957. 

-ic«Jphoiom.e« 

VISTEL1US  AB  JARCSLAVSKAJA  NN 

OSNOVNYE  CHERTY  CVETOVOJ  KHARAKTERI ST  IK  I  TERRIGENNOGO 
MELA  ZAKASP I JA. *  (RUSS. ) 

D^K£.  AKAD.  NAU1'  SSSR.  95,  2,  367-  ,  MOSCOW/LENINGRAD 

(PRINCIPLE  OF  THfc  COLOR  CHARACTERISTIC  OF  THE  SANDY-SILT 
SEOIMENTS  OF  Th.'  ERGIGENOUS  CHALK  IN  THE  CASPIAN  REGION)  • 
VISTELlOs  AB 

SPEKTRAL.NAJA  JARKOST,  PESCHANO-ALEVRITOVYKH  POROD  APTA, 

AL , BA  I  SENOMANA  ZAKASPIJA."  (RUIS.) 

GEOLOGIJA  ZAKASPI.iA.  1,  31-67,  AKAD.  NAUK  SSSR, 

MQSCOW/LEN INGRAD  1958. 

(SPECTRAL  BRIGHTNESS  OF  SANDY-SILTY  ROCKS  OF  THE  APTIAN, 
ALB  I AN  AND  CENOMANIAN  IN  THE  CASPIAN  REGION). 

VOJKO  PN 

spektroelektrofotometr  S  AVTOMATICHESKOJ  zapis,ju 

SPEKTRA.-  (RUSS.) 

IZV.  ASTROFIZ.  INST.  AKAD.  NAUK  KAZ.  SSR,  8, 

ALMA-ATA  1959. 

(A  SPECTROELECTROPHO IOMETER  WITH  AUTOMATIC  RECORDING 
OF  SPECTRA). 

VORONKOVA  NM  MELESHKO  KE  SEMENCHENKO  IV 

SNYTKIN  AV  SHISHKINA  TA 

PRIMENENIE  SPEKTRQ VI ZQRA  DLJA  ISSLEDOVANI JA 

SPEKTRAL.NOJ  JARKOSTI  ELEMENTOV  LANDSHAFTA.*  (RUSS.) 
GEODEZIJA  I  KARTOGRAFIJA,  12,  1960. 

(THE  USE  OF  A  SPECTROPHOTOMETER  FOR  INVESTIGATING  THE 
SPECTRAL  INTENSITY  OF  LANDSCAPE  DETAIL). 

VORONKOVA  NM  MELESHKO  KE  SEMENCHENKO  IV 

SNYTKIN  AV  SHISHKINA  TA 

ISS^^ANI^SPEKTRAUNOJ  JARKOSTI  PRIRODNYKH 

GEUOEZI JAI  KARTOGRAFf JA,  11,  1960. 

(THE  INVESTIGATION  OF  THf  SPECTRAL  BRIGHTNESS  OF  NATURAL 
FORMATIONS). 

♦VORONKOVA  NM  MELESHKO  KE  SEMENCHENKO  IV 

SNYTKIN  AV  SHISHKINA  TA 

THE  USE  OF  A  SPECTROPHOTOMETER  FOR  INVESTIGATING  THE 
SPECTRAL  INTENSITY  OF  LANDSCAPE  DETAIL." 

GEODESY  AND  CARTOGRAPHY.  11/12.  545-548,  AMER.  GEDPHYS. 
UNION,  NATIONAL  ACAD.  SCI.,  WASHINGTON,  D.C.  I960. 

ZAITOV  IR  INDICHENKO  IG 

0  SPEKTRAL.NOJ  OTRAZHATEL.NOJ  SPOSOBNOSTI  NEKOTORYKH 


1  K  AL  ,i,U  J  U  IKA4nAltL,NU. 
TIPQV  POCHV,-  iRUSS.) 

:ODEZ I JA  I  AEROFOTOS, ,EMKA, 
)N  THE  SPECTRAL  REFLECTANCE 


1,  57-64.  1958. 

of  some  Soil  types). 


GEODE! 

(ON  “  _  .  _ _ 

♦ZDANOVICH  VG  (ED.) 

PRIMENENIE  AERQMETODQV  DLJA  I SS LEDQVANI JA  MORJA.®  (RUSS.) 
546  PP.,  LAB.  AEROMET.  AKAD.  NAUK  SSSR,  MOSCOW/LENINGRAD 
1963. 

(THE  APPLICATION  OF  AEROMETHOOS  TO  SEA  RESEARCH). 
♦ZDANOVICH  VG 

IZOBRAZHENIE  POVERKHNOSTI  MORJA  V  ZONE  BL IKA .*  (RUSS.) 

IN  -PRIMENENIE  AERoMETODOV  DLJA  I  SSLEDOVAN I JA  MORJA- , 

26-37,  LAB.  AEROMET.  AKAD.  NAUK 


;D.  BV  ZDANOVICH  VG,  26-37, 
SSSR ,  MOSCQW/LfNlNG((AD  1963. 
(THE  REPRODUCTION  OF  iHE  SEA 


_  _rA  SURFACE  IN  THE  HOTSPOT  ZONE  I  . 

ZHIDKOVA  ZV 

SPEKTRY  QTRAZHENIJA  OKRASHENNYKH  RASSE I VA JUSHCH I KH 
OB, , EKTOV ,  I."  (RUSS.) 

ZHURN.  EKSP.  I  TEOR.  FlZlKI,  27,  4,  10,  458-466,  1954. 
(REFLECTION  SPECTRA  OF  COLOREO  AND  SCATTERING  OBJECTS,  I). 


55PAP-11 
55PAP  12 

_  55PAP-22 

V JN0AI55PAP  13 
VINOA  55PAP-23 
VINOA  55PAP-14 
VIN0BV57VPR-11 
VIN0BV57VPR  12 
VIN0BV57VPR  22 
VIN06V57VPR-32 
V1N0BV57VPR-13 


VINOA 

VINOA 

VINOA 


V  NQBV57VPR  14 

vs;  mMbh 

V  STAB54CCK  12 

V  STAB54CCK-22 

V  STAB54C<;K  13 

V  STAB54CCK-23 

V  STAB54CU  14 

V  STAB54CCK-24 

V  STAB58SJP-11 

V  STAB58SJP  12 
VI STAB58SJP-22 

V  1  ST  AB58SJP  13 
VISTAB58SJP-23 
v1STAB58SJP  14 
VISTAB58SJP-24 
V0JKPN59SAZ-11 
VQJKPN59SAZ  12 
V0JKPN59SAZ-22 
VO JKPN59SAZ  13 
V0JKPN59SAZ-23 
V0JKPN59SAZ  14 
V0JKPN59SAZ-24 
V0R0NH60SIS  11 
V0R0NM60S I S-21 
V0R0NM6C$IS  1? 
VOR0NM60S1 S-2* 
V0R0NM60S I S-13 
V0R0NM60SIS  14 
V0R0NM60SI S-24 
V0R0NM60S JP  U 
V0R0NM60SJP-21 
V0R0NM60SJP  12 
VOR0NM60S JP-22 
V0R0NM60S JP-13 
.V0R0NM60SJP  14 
V0R0NM60S JP-24 
V0R0NM60USI  11 
V0R0NM60US I  -2 1 
V0R0NM6CUS I  12 
V0R0NM60US1  -22 
V0R0NM6QUS I  13 
V0R0NM6CUSI-23 
ZAITIR58STP-11 
ZAITIR56CTP  12 

ZAI T I R58STP- 14 
ZDANVG63A I M-l 1 
ZDANVG63AiM-12 
ZDANVG63AIM  B 
ZDANVG63AI M-23 
Z  DANVG63AI M-l 4 
ZDANVG63 IPM- 1 1 
ZDANVG631PM-12 
ZDANVG63IPM  13 
ZDANVG63IPM  2? 
Z D AN V §6 3  I  PM- 33 
ZDANVG6j!pM-14 
ZHIDZV54SOO-11 
ZHI0ZV5AS00  12 
ZH  0ZV54SQ0-22 
ZHIDZV54S00-13 
ZH 1 0* V54SOO- 14 


*  Indicates  ■  reliability  In  th*  library  of  the  Department  of  Geography , 
University  of  Zurioh 
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Index  of  geomorphologioal,  pedological  and  botanical  terms  with  Russian  and 

Latin  equivalents 


Explanation:  R.  ■  Russian  name 
L.  =  Latin  name 

Figures  not  preceded  by  a  letter  ’-efer  to  pages 
T:  Refers  to  tables  (page  numbers) 

F:  Refers  to  figures  (page  numbers) 

D:  Refers  to  spectral  reflectance  diagrams  (diagram  numbers) 


Aider  (R-  ol'kha,  L.  Alnus)  52, 53  /  T:  50,  94 

Alder,  European  (R.  ol'kha  chjrnaja,  L.  Alnus  glutinotu)  55  /  T:  54,80  /  D:  55 
Alder  buckthorn  (R.  krushlna  lomkaja,  L.  Frangula  Alnus)  55 
Alder  swing  moor  (R.  ol's-trjasina)  T  :  54 
Alumina  (R.  glinozem)  120 

Ash  (R.  jasen',  L.  Fraxlnus  excelsior)  53,55,60,62,63,90  /  T:  61,87,88,89,9.1/ 
D:  47  49  50  51 

Aspen  (R.  Osina,  L.  ’populus  tremula)  46, 49,  50,  52,  53, 55, 60, 62, 63, 68,  71,  74, 82, 
84, 86,  91, 93, 95  /  T:  50,  51, 54,  61, 69, 76,  77, 81, 85,  87,  88-92, 94  / 

D:  19,  23, 30, 31, 43, 44, 47, 49.  52,  56,  57,  59, 60 

Bark  (R.  kora)  52, 55, 84-86  /  D:  31-33 
Barkhan  (R.  barkhan)  58  /  T:  101  /  D:  73 
Beard-moss  (L.  Usnea  barbata)  52,84,96  /  T:  85  /  D:  34 
Beech  (European]  (R.  -buk,  L.  Fagus  silvatica)  53,55,6062.63,82,84,90  /  T:  54, 
61,  /5, 80, 85, 88  89, 91, 94  /  D:  18,  17,  29, 32, 4e,  48,  51,  52,  55 
Beech  forest  (R.  buchlna)  93  /  T:  54 
Beets  (P.  svekly)  55 
Bicarbonate  (R.  bikarbonat)  120 

Bijurgun  (R.  bijurgun,  L.  Anabasis  salsa)  58  /  T:  1C1  /  D:  74 

Bilberry  [Blueberry]  (R.  r.hernika,  L.  Vaccinlcm  myrtilk.s)  5.1  /  T:  50, 51 

Bilberry  aspen  forest  (R,  osinnlk-cherrachnik)  T:  72 

Bilberry  birch  forest  (R.  bereznjak-chernichnik)  T;  51, 72  /  D:  15,  24 

Bilberry  fir  forest  (R.  pikhtarnik-chernichnik)  T:  51 

Bilberry  pine  forest  (R.  sosnjak-chernichnik,  L.  Pinetum  myrtillosum)  49,63  / 
T:  50, 72  /  D:  12, 14 

Bilberry  spruce  forest  (R.  el'nik-chernichnik,  L.  Piceetum  myrtiuosum) 

49  63  /  T:  72  /  D:  8 

Biocite  (R.  biotit)  103,104,110,111  /  T:  104,110  /  D:  79,84 
Birch  (R.  oeceza,  L.  Betula)  59,60,62,63,68,71,82,84,86,90,93,35  /  T:  85,8,*, 
91,92,94  /  D:  13,15,24,33,35,53,  56-60 

Birch,  European  white  (R.  bereza  borodavchataja,  L.  Betula  verrucosa)  46,49, 
50, 53,  55  /  T:  50,  51,  54, 61, 69,  75, 80, 81, 88, 89  /  D:  13, 15, 18,  22, 

24,  28  33, 35, 37, 45,  46, 48,  50,  51,  53,  55-60 
Birch,  pubescent  (R.  bereza  pusMstaja,  L.  Betula  pubesoens)  52,  53,91  /  T: 

69,76,77,92  /  D:  22,45 
Birch  forest  (R.  bereznjak)  93 
Blue  grass  (R.  mjatllk,  L.  Poa)  T:  101  /  D:  75 
Bog  (R.  boloto)  52, 55, 93 

Bramble,  stone  (R.  kostjanika,  L.  Rubus  saxatilis)  T:  51 
Buckthorn  (R.  kiushlna,  L.  Rhamnus)  55  /  T:  50 

Calcium  carbonate  (R.  karbonat  kal'cja)  112  /  T?  112 
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Camel's-thorn  (R.  verbljuzh’ja  koljuchka,  L.  Alhagi  camelorum)  T:  101 
Carbon  (R.  uglerod)  128 
Carbonate  (R.  karbonat)  120 
Carottne  (R.  karotin)  68  /  T:  70 

Cassandra  (R.  kaseandra,  L.  Cassandra  calyculata)  T:  50 
Chernozem  (R.  chernozem)  55,123  /  T:  115 

Chernozem,  carbonate  (R.  chernozem  karbonatnyj)  122  /  T:  121,124  /  D:  109 
Chernozem,  common  (R.  chernozem  obyknovennyj)  107, 113, 122  /  T:  121, 124  / 

F:  105,114  /  D:  88,109,114 

Chernozem,  meadow  [meadow  chernozemtc  soil]  (R.  lugovo  -chernozemnaja  pochva) 
122  /  T:  121, 124  /  D:  109 

Chernozem,  podzollzed  (R.  chernozem  107, 123, 126  /  T:  125, 126  /  D:  92, 117, 

119 

Chernozem,  solonized  (R.  chernozem  soloncevatyj)  113, 122  /  T:  115, 121, 124  / 

F:  114  /  D:  110 

Cherry,  bird  (R.  cheremukha,  L.  Prunus  padus)  T:  51 

Cherry,  sweet  (R.  chereshnja,  L.  Cerasus  avicuni)  15 

Chestnut  soil  (R.  kashtanovaja  pochva)  55,107,122  /  T:  121,124  /  D:  89,115 

Chestnut  soil,  meadow  (R.  lugovo-kashtanovaja  pochva)  58  /  T:  lOi  /  D:  70,71 

Chloride  (R.  khlorid)  120 

Chlorophyll  (R,  khlorofill)  59,  60,  62,  67, 68, 70,  74, 95  /  T:  70  /  F:  70 

Clay  (R.  gltna)  57, 107, 128, 129  /  F:  105  /  D:  98, 101 

Clay,  banded  [varve  clay]  (R.  lentochnaja  glina)  48 

Clay  loam  (R.  tjazhelyj  suglinok)  107 

Clayey  soil  (R.  glinistaja  pochva)  109 

Clearing  (R.  vyrubka)  49,93,95  /  T:  95  /  D:  35 

Clover  (R.  klever,  L.  Trifolium)  T:  97  /  D:  63 

Corn  (R.  kukuruza,  L.  Zea  Mays)  55 

Cotton  (R.  khlopchatnlk,  L.  Gossypium)  98,99  /  T:  98  /  D:  67 
Couch  grass  (R.  pyrej,  L.  Agropyrum)  58  /  T:  101  /  D:  68, 70, 71 
Couch  grass  salt-tolerating  (R.  pyrej  solevy-’.osUvyj,  L.  Agropyrum  ramosum?) 
TJ  101 

Cowberry  [cranberry]  (R.  brusnika,  L.  Vaccinlum  Vitis-idaea)  Ts  51 
Cowberry-bilberry  pine  forest  (R.  sosnjak-brusnichno-chernichnikovyj)  T:  51,  73 
Cretassic,  upper  carbonate  (R.  verkhnit  karbonatnyj  mel)  D:  103, 105 
Crowfoot  (R.  ljutik,  L.  Ranunculus)  T:  97  /  D:  63 

Dead  trees  (R.  usokhshie  dereva)  52,  83,  84  /  T:  8i,  85  /  D:  36 
Deflation  basin  (R.  kotlovina  vyduvanija)  T:  101  /  F:  57 
Desert  varnish  (R.  pustynnyj  zagar)  129  /  D:  104 
Dropwort  (R.  tavolg?,  L.  Fllipendula)  T:  51 
Dwarf  shrub  (R.  polukustarnichek)  95 

Elder  (R.  buzina,  L.  Sambucus  racemosa)  55 
Elm  (R.  vjaz,  L.  Ulmus)  53 

Epidote  (R.  epidot)  103,  111  /  T:  104, 110  /  D:  80, 87 

Fucmymus,  wartybark  (R.  beresklet  borodavchs.tyj,  L.  Euonymus  verrucosa)  55 

Fallow  (R.  perelog,  zalezh')  52  /  D:  64,93 

False  acacia  (R,  akacija  belaja,  L.  Robinia  pseudacacia)  55 

Ferns  (R.  paporotnikl)  T:  50,54 

Fir  (R.  pikhta,  L.  Abies)  82, 83  /  D:  27,  33 

Fir,  Siberian  (R.  pikhta  sibtrskaja,  L.  Abies  sibirica)  49,50,52,84  /  T:  51,65, 
66,76,81,85,92,94  /  D:  44 
Flax  (R.  ien  L.  Linum)  55 
Flood  plain  (R.  pojma)  T:  101 

Fulvic  acid  (R.  ful'vokieloty)  108,109,110,120  /  D:  77 
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Gabbro,  amphibole  (E.  gabbro-amflbolit)  128 
Garnet  (R.  granat)  103,  111  /  T:  104, 110  /  D:  80, 86 
Glacial  deposit  (R.  lednlkovoe  otlozhcnie)  52 
Glauconite  (R.  glaukonit)  128 

Gley  soil,  humic  (R.  peregnojno-gleevaja  pochva)  107  /  T:  114  /  F:  105 
Gley  soil,  podzolic  [Gley  podzol]  (R.  podzollsto-gleevaja  pochva)  120  /  T:  121, 
124  /  D:  113 

Gley  soil,  slimy  (R.  Uovato-  gleevaja  pochva)  D:  94 

Gley,  sod  (R.  2adernenno-gleev£.ja  pochva)  T:  54 

Granite,  biotite  (R.  biotitovyj  granit)  128 

Grain  (R.  khlebnye  zlaki)  96, 98 

Grasses  (R.  zlakO  95  /  T:  51, 54, 97,  98  /  D:  62,  63 

Gravelly  soil  (R.  khrjashchevataja  pochva)  T:  51 

Gray  forest  sod  (R.  seraja  lesnaja  pochva)  107,120  /  T:  121,124,125,126  / 

D:  114,116-119 

Gray  forest  soil,  gleyish  (R.  seraja  lesnaja-gleevaja  pochva)  T:  125  /  116 
Gray  forest  soil,  podzolized  (R.  seraja  lesnaja  opodzolennaja  pochva)  126  /  T: 
125,126  /  D:  91,116,118 

Groundwater  (R.  gruntriaja  voda)  56,58,99,100  /  D:  70-72,75 
Gypsum  (R.  gips)  129 

Halrcap-rnoss  spruce  forest  (R.  el'nik-dolgomoshnik,  L.  Piceetum  polytrichosum' 
T:  72 

Halophytes  (R.  galofity)  58, 99, 100 

Hawthorn  (R.  bojaryshnik  koljuchij,  L.  Crataegus  oxyacantha)  55 
Hay  (R.  seno)  52, 98  /  T:  1»7  /  D:  c3 

1  Hazelnut  (R.  leshchlna  obyknovennaja,  L.  Corylus  Avellana)  55  /  T:  54 

Heather,  Scotch  (R.  veresk,  L.  Caliuna  vulgaris)  T.  51 
l  Heatner  pine  forest  (R.  sosnjak-vereshchatnik)  T:  51,73 

1  Hematite  [FeoOq]  (R.  gematit)  108-110, 120  /  T:  121  /  D:  78 

Herbs  (R.  raznotrav’e)  95  /  T:  51,54,98  /  D:  62 
Herbs,  ruderal  (R.  sorroe  raz.nctrav'e)  T:  101  /  D:  68 
Highbog  btrch  forest  [peat-moss  b.f.]  (R.  bereznjak-sfagnovyj)  T:  72  /  D:  15 
Highbog  pine  forest  [peat-moss  p.f.l  (R.  efagnovyj  sosnjak,  L.  Ptnetum 
sphagnosum)  63  /  T:  72  /  D:  14 

Highbog  spruce  forest  [peat-moss  s.fj  (R.  sfagnovyj  el'nik,  L.  Piceetum 
sphagnosum)  63 

Hornbeam  (R.  grab,  L.  Carpinus  Beiuius)  53, 55  /  T:  54 

Horse-tail  (R.  khvoshch,  L.  Equlsetum)  T:  50,  51 

Humic  acid  (R.  guminovaja  kislota)  56,108-110,120  /  D:  77 

Humus  (R.  gumus)  56,58,107-111,120,122,123  /  T:  106,121,125  /  F:  109 

Humus  carbcnatic  soil  (R.  peregnojno-karbonatnaja  pochva)  T:  54 

Iron  (R.  zhelezo)  128,219) 

Iron  oxide  (R.  okis'zheleza)  55,56,  108,109-111,120,122,123  /  T:  106. /  F: 

109 

Juniper  (R.  mozhzhevel’nik,  “L.  Junlperus  communis)  55 

Kaolintte  (R.  kaollntt)  120 

Larch  (R.  listvennlca,  L.  Larix)  64,77  /  D;  21 

Larch,  European  (R.  ltstvennica  evropejskaja,  L.  Larix  europaea)  53 

Larch,  Slberlsn  (R.  listvennlca  sibirskaja,  L.  Larix  sibirica)  52,  53  /  T: 

77-92  /  D:  43 

Latosoi,  eroded  (R.  krasnozem  erodlrovannyj)  123  /  T:  121, 124  /  D:  115 
Ledum,  crystal  tea  (R.  bagul'nik,  L.  Ledum  paiustre)  T:  51 
•  Ledum-highbog  pine  forest  (R.  sosnjak-bagvil’ntko-sfagnovyj)  T:  51,73 

Lichens  (R:  lishajmki)  96, 129  /  T:  51  /  D:  54 
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Licorice  (R.  solodka,  L.  Glycyrrhiza)  53  /  T:  101  /  D:  75 

Liman  (R.  liman)  57,  58 

Liman,  linear  (R.  lozhblna)  57  /  F:  57 

Liman,  round  (R.  zapadlna)  57  /  F:  57  /  D:  74 

Limestone  (R.  izvestnjak)  46,52,128  /  D:  54 

Llmonite  (R.  limouit)  108. 128  /  D:  103 

Linden  fR.  lipa,  L.  Tills)  53,55  /  T:  54 

Loam  (R.  sugllnok)  57  /  T:  50,  54  /  F:  105  /  D:  93,94 

Loamy  sand  soil  (R.  supeschanaja  pochva)  52,111  /  T:  £4  /  D:  39,97 

Loamy  soil  (R.  suglinistaja  pochva)  55  /  T:  .10,51,54  /  F:  109  /  D:  94 

Loess  (R.  less)  55,108,111  /  D:  88 

Low  moor  (low  bog]  (R.  nizinnoe  boloto)  96  /  T:  95  /  D:  66 
Lupine  (R.  Ijupln)  s5 

Magnesium  sulfate  (R.  sernomagnievaja  sol1)  129 

Magnetite  (R.  magnettt)  108,109  /  D:  78 

Malanthemum  (R.  majnik  dvulistnyj,  L.  b.ajanthemum  bifolium)  T:  54 

Manganese  (R.  marganec)  128 

Maple  (R.  klen,  L.  Acer)  53,60,62,83  /  T:  61  /  D:  30 

Maple,  Norway  (R.  o  stroll  sty)  klen,  L.„  Acer  platanoides)  F:  70 

Maple,  Sycamore  (R.  javor,  L-  Acer  pseudoplatanus)  55,60  /  T:  54,87,88,89,91 

Marl  (R.  merger)  46 

Meadow  (R.  lug)  52, 53,  95,  98-100  /  T:  97, 98  /  D:  41,  62-64 

Meadow,  lowland  [swampy]  (R.  lug  mokryj)  53,98 

Meadow,  upland  (R.  lug  sukhodol'nyj)  49,  55. 98  /  T:  98  /  D:  62, 64 

Meadow  soil  (R.  lugovaja  pochva)  112,122  /  T:  121,124  /  D:  114 

Mesophyll  (R.  met  of  ill)  60 

Mesophytes  (R.  r  jsofity)  58, 99, 100  /  D:  74 

Mtcrocline  (R.  mlkroklin)  103,111  /  T:  104,110  /  D:  80,82 

Moor,  s.  bog 

Moss  (R.  mokh)  95, 96  /  T:  50,  31  /  D:  54 

Mountain-ash  (R.  rjabina  obyknovennaja.  L.  Sorbus  aucuparia)  T:  51 
Muscovite  (R.  muskovlt)  103,104,111  /  T:  104,110  /  D:  79,85 

Natron  sulfate  (R.  sernokislvj  natrij)  129 
Nettle  (R.  krapiva,  L.  Urtica)  T:  54 

Oak  (R.  dub,  L.  Quercus)  53 

Oak,  English  [pedunculate  oak]  (R.  dub  Jetnij,  L.  Quercus  robur  =  Q.  pedun- 
culata)  53,  60  /  T:  54,61,87-89  /  D:  50 
Oats  (R.  oves,  L.  Avena)  55  /  T:  97  /  D:  39,61 
Orthoclase  (R.  ortoklaz)  111 


Pear 

Peat, 

Peat- 

Pcat- 

Peat- 

Paat 

Pine 

Pine, 


(R.  grusha,  L.  Pyrus  communis)  55 

peaty  soil  (R.  torf,  torfjanistaja  pochva)  49,95  /  T:  51,95  /  D:  65,113 
moss  (R.  mokh  torfjanoj  siagnovyj  mokh,  L.  Sphagnum)  T:  51 
moss  bog  Jhigb  boy]  (R.  boloto  sfagnovoe)  52,  95,  96  /  T:  95  /  D:  65 
moss  sedge  bog  (R.  boloto  sfagnovo-osokovoe)  95  /  T:  50,95  /  D:  65 
soil,  cryptopodzollc  (R.  skryto-podzolistyj)  120  /  T:  121,124  /  D:  113 
(R.  souna,  L.  Plnus)  65,67,71,72,74,82,66  /  D:  12,31 
Scotch  (R.  sosna  obyknovennaja,  L.  Plnus  stlvestrls)  46,49,50,52,53,64 
67, 73, 74, 34,90,  91 , 93,  /  T:  50, 51, 54, 65,66,  e9, 75, 76, 80,81. 85,87- 
89,92,94  /D:  1-3,10,11,14,25,26.32,45,46,48,52,58,56-60 
Siberian  stone  (R.  kedr  sibtrsklj,  L.  Pinus  slbirica)  49,50  /  T*  51  65  66 
76,85,92  /  D:  34,44  '  '  ' 


Pine,  Weymouth  (R  soena  vejmutov*,  l.  Plnus  strobua)  53 
Plateau-like  upland  (R.  plakor)  57,  58 
Podzol  (R.  podzol)  T:  114 
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Podzolic  soil,  soddy  (R.  dernogo-podzolistaja  pochva)  120  /  T:  121,124  /  D:  11-3 

Podzolized  soli  (R.  opodzolennaju  pochva)  52,53  /  T:  114  /  F:  105 

Polyn,  black  (R.  polyn'  chernaja,  L.  Artemisia  pauctflora)  D:  71 

Polyn,  sand  (R.  peschanaja  polyn',  L.  Artemisia  arenaria)  58  /  T:  101  /  D:  72 

Pdlyn,  white  (R.  belopolyn',  L.  Artemisia  maritima)  58  /  T:  101  /  D:  71,72,74 

Porphyrite,  pyroxene  (R.  piroksen-porfirit)  128 

Potassium  hydrogene  sulfate  pCHSOal  (R.  kislyj  sernokislyj  kalij)  112  /  D:  76 
Potato  (R.  kartofel',  L.  Solanum  tuberosum)  55 

Quack  grass  (R.  poLzuchlj  pyrej,  L.  Agropyrum  repens)  T:  101 
Quartz  (R.  kvarc)  103,104,110,111,120  /  T:  104,110  /  D:  79,83 
Quaternary  deposit  (R.  chetvertlchnoe  otlozhenle)  46,52 

Raspberry  (R.  mallna,  L.  Rubus  idaeas)  T:  51 

Reed  (R.  trostnik,  L.  Phragmites  communis)  58  /  T:  101  /  D:  73 

Reindeer  moss  (R.  jagel*  =  mokh  olenij,  L.  Cladonia  I'angiferina)  96  /  h:  54 

River  bed  (R.  ashika)  58  /  T:  101 

Road  (R.  doroga)  55, 127 

Road,  asphalt  pavement  (R.  shosse  s  asfaltovym  pokry^ra)  127  /  D:  95,96 
Road,  dirt  (R.  gruntovaja  dorcja)  127  /  D:  95,96 

Road,  stone  oavement  (R.  shosse,  moshchennoe  kamnem)  127  /  D:  95, 96 
Rye  (R.  rczh\  L.  Secale)  52, 55  /  T:  97,  98  /  D:  61, 62 

Saline  soil  (R.  zasolennaja  pochva)  55, 100  /  T:  1.01 

Salt  (R.  sol*)  56,111,112,129 

Salt  crust  (R.  korka  soli’  112  /  D:  102 

Salt  lake  (R.  solenoe  02ero)  D:  100,102 

Salt  layer  (R.  plasta  soli)  D:  102 

Salt  pan  (R.  sor  =  shor)  58  /  D:  75 

Saltwort,  annual  (R.  soljanka  odnoletnaja,  L.  Salsola)  D:  75 
Sand  (R.  pesok)  52,57,100,113,115,117,126  /  T:  54,101  /  F:  105,117-119  /  D: 
73,81,107 

Sand,  aeolian  (R.  eolovyj  pesok)  58 

Sand,  river  (R.  rechncj  pesok)  D:  99 

Sandstone  (R.  peschanik)  128 

Sandy  loam  (R.  supes’)  107  /  F;  105 

Sandy  coil  (R.  peschanaja  pochva)  52,53,55  /  T:  51,54 

Saxaui,  black  (R.  chernyj  saksaul,  L.  Haloxyion  aphyllum)  102  /  D:  42 

Saxaul,  white  (R.  peschanyj  saksaul,  L.  Haloxyion  persicum)  D:  108 

Shin-leaf  (R.  grushanka,  L.  Pyrola)  T:  50 

Sedge  (R.  osoka,  L.  Carex)  T:  50  ,  51,97  /  D:  66 

Sedge,  pilose  (R.  voloslstaja  osoka,  L.  Carex  pilosa)  T:  54 

Sedge-highbog  birch  forest  (R.  bereznjak  osoko-sfagnovyj)  T:  50 

Service  tree  (R.  rjabina,  L.  Sorbus)  T:  50 

Shale  (R.  slanec)  128, 129 

Shallow  depression  (R.  padina)  57,  58  /  F:  57  /  D:  108 
Sierozem  (R.  serozem)  123,  /  T:  121,124  /  D:  115 
Snowball  (R.  kallna  obyknovenr.aja,  L.  Viburnum  opulus)  55 
Sod  (R.  dem)  98  /  T:  97 

Sodic  soil  (R.  soloncevataia  pochva)  55,115  /  T:  115  /  F:  116 
Sodium  carbonate  (KajCOjjJ  (R.  uglekis’yj  natrlj)  112  /  D:  76 
Sodium  chloride  [NaClj  (R.  khloristyj  natrij)  112,129  /  D:  76 
Polnnchak  (R.  solonchak)  58,113,117-119,122,126,129  /  T:  121,124  /  F:  57,114, 
118,119  /  D:  107.112 

Solonetz  (R.  soionec)  55,58,113,122  /  T:  115,121,124  /  F:  114  /  D:  110,112 
Soloth  (R.  solod")  56 
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Solotfa,  gley  (R.  solod'  gleevaja)  107, 123  /  T:  121, 124  /  F:  105  /  D:  110, 112 
Spindle-tree  (R.  beresklet,  L.  Euonymus  europaea)  55  Q 

Spruce  (R.  el*  L.  Plcea)  84,85,67,71,73,74,78,82,33,86,92  /  T:  89  /  D:  8-8, 

13,40,58 

Spruce,  Norway  (R.  el*  obyknovennaja,  L.  Picea  e^celsa)  46,49,53,64,65,90,91, 

93  /  T:  50, 51, 54, 65, 88, 75, 77, 85, 87-89, 92, 94  /  D:  4, 5, 9, 34, 38, 48,  f 

45  47  49 

Spruce,  Siberian  (R.  el*  sibirskaja,  L.  Plcea  obovata)  49,50  /  T:  76,92  /  D:  53 
Straw  (R.  soloma)  T:  97  /  O:  61  I 

Stubble-field  (R.  nternja  ■  zhniv'e)  99  /  T:  97  /  D;  39 
Subor  [nine  and  birch  forest  on  relatively  poor  soifj  (R.  subor')  T:  54 
Swamp  (R.  top’)  53 

Takyr,  iakyr  soil  (R.  takyr)  107,115,117-119,128,129  /  T:  115  /  F:  103,118, 

118,119  /  D:  100,107 

Tamarisk  (R.  grebenshchik,  L.  Tamarix)  T:  101  /  D:  73 

Vetch  (R.  vika,  L.  Vlcia)  T:  1*7  /  D:  39 

Vine  (R.  vinograd,  L.  Vitis)  9J  /  T:  98  /  D:  67 

Volcanic  rock  (R.  vulkanicheskaja  poroda)  129  /  D:  104 

Walnut,  Persian  (R.  orekh  greckij,  L.  Juglans  regia)  55 
Water  (R.  voda)  D:  89 

Weathering  crust  (R.  korka  vyvetrivanija)  55  /  D:  88 

Wheat  grass,  crested  (R.  zhitnjak,  L.  Agropyrum  crlstatum)  T:  101  /  D:  70 
Willow  (R.  iva)  52,88  /  T:  54 

Willow,  brittle  (R.  iva  lomkajK  ,  L.  Salix  fragilis)  55  /  T:  69  l 

Wood-reed  (R.  vejnik,  L.  Calamagrostis)  T:  51, 101  /  D:  75 
Wood-sorrel  (R.  kislica,  L.  Oxalls  acetosella)  T:  50,51,54 

Wood-sorrel  aspen  forest  (R.  osinnlk-kiaUchnik)  T:  50,51,72  <\ 

Wood-sorrel  birch  forest  (R.  bereznjak-kislichnik)  T:  72  /  D:  15 

Wood-sorrel  pine  forest  (R.  sosnjak-kisllchnik)  T:  72  /  D:  14 

Wocd-sorrel  spruce  fores,  (R.  el*ntk-ki8lichnlk)  T:  50,72 

Wormwood  (R.  polyn’,  L.  .Vrtemisia)  T:  101  /  D:  71 

Xantophyll  (R.  ksantofill)  88  /  T:  70 
Xerophytes  (R.  kserofity)  58,99,100 
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